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Alqempnp Inleiding. 
Neurosecretonsche cellen uorden gpuonden in het centiale zenuustelsel dpr 
Crustácea en dragen door hun veelheid bij tot de sterke ontuikkeling wan het 
neuro-c"docriPne systeem hij de Crustacea. Het sinusklier X-orgaan complex, 
hij ррг aarzienljk aartal der Crustacea gelegen in de oogsteel, vertegen­
woordigt pen belangrijke concentratie van dergplijke neurosecretonsche 
cellen. Dit soort cellen bezit ZOUPI eigenschappen van zenuucellen alsook 
var endocriene opilen. Torfologisch gezien lijken ze op zenuucellen d.u.z. 
ze bezitten eer cellichaam en een axon. Het X-orgaan der Crustacea uordt 
gevormd door oen aantal dozer cellichamen. DP axoneindigingen vormen, 
grenzend aan de bloedbaan, het zgn. npurohemale orgaan, dat bij deze dier-
grepp de sinusklier uordt geroemd. De endocriene eigenschap der neurosecre-
tonschp cellen bestaat hieruit, dat ze in het collichaam stoffen producoren 
meestal proteïnen, uelkp in de vorm van neurosecretonsche granula via het 
axon naar de axnneindiging getransporteerd uorden. Hier uorden ZP afgegeven 
aa" het aloed п oefenen vervolgens, als cnpmische boodschappers, hun 
invloüd(er) uit op de dopluitorganen. 
De ooqstelen dei Dpcapoda Crustacpa zijn door HanstrSm (192B) aar da hand 
va- de ligging van de protocephale ganglia en optische centra in vier typen 
verrip"ld. De oogstelen van dp moeraskreeft Astacus leptodactylus behoren 
tot het zgn. "farcinus" type, op grond van het feit dat de optische ganglia 
(іатігсі ganglionans, medulla externa, medulla interna en medulla termira-
lis) tienen de nngsreel gelpger zijr (fig.l). het X-orgaan is gelegen op np 
medulla tcriunalis en de sinusklier op de overgang van de medulla externa 
en medulla intcina. 
Reeds bi. dp eprsto vermelding gaf HanstrBm (1931) aan dat het X-orgaan en 
de s±rusklior verbonden ζ η d.m.v. axonen. Toch uerd de si~usklipr aanvan­
kelijk besrhouua als een echte klier, omdat mpn dacht dat naast de opslag 
pn afgifte ook de synthpse van de spcretieproducten in de sinusklier zou 
plaatsvinden. DP zenuuverbirding van het X-orgaa" met de sinusklier uerd 
gezien pis een centróle mechanisme voer de afgiptc der secretonschp SLD-
stantieo. Later uerd aangetoond (b.v. Enami, 1951 en Potter, 1954), dat do 
secretnnsche suhstantieo uorden geproduceerd in het X-orgaan en vervolgens 
voer opslag en afgifte raar de sinusklier unrden getransoorteerd (Gabe, 
1Э6С). Duidelijk Ьсгкепорге nojroseerptonsche cellen zijn ook gelegen m de 
medulla externa РП medulla interna (Kleinholz et al., 1962). Tot nu toe is 
hieraan echter slprhts ueimg onderzoek verricht. Gabp (1966) stplde, dat 
de siruoklier ondermeer haai reurosecrotonschp substantips ontvangt van 
neurnspcrotorischo cellen, maar voorn amei i^k van het X-orgaan. 
In 197 toonden Andreu et al. mpt behulp van axonale lontoforese aan, dat in 
de nviLrkreoft dreonpetos vinlis de sinusklier behalve pen verbinding met 
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het X-orgaan ook pen verbinding met de hersenen heeft. Werder vonden deze 
aLLeurs ook verbindingen van de sinusklier met gebieden in do medulla 
externa en medulla interna. Zonder duidslijkt. opgave van redene" beschouuden 
ze doze аіь uitloperb van do sinusklier. 
Biochemische en fysiologische onderzoekingen hebben aangetoond, dat in de 
sinusklier tenminste zes verschillende hormonaal actieve substanties uorden 
opgeslagen en afgegeven nl.: een hypcrglycemisch hormoon, zout-cn uater-
balans regulerende hormonen, chromatoforen regulerende hormonen, distaal 
retinaal pigment regLlerendo hormonen, een vervelling rammend hormoon en 
eer ovarium remmend hormoon (zie het overzichtsartikel van KleLnholz, 1976). 
In 1977 toonden Aréchiga et al. aan, dat in de sinusklier van Procambarus 
clarkii een hormoon voorkomt dat de zenuuuerking onderdrukt. 
Het behulp van histcchemische technieken konden Potter (1950) in de Ыаьие 
krab Callinectes sapidus en Rehm (1959) in de strandkrab Carcinus maenas 
lichtmicroscopisch zes verschillende typen van axoneindigingen onderschei­
den. 
De eerste beschrijving van de ultrastructuur van de sinusklier betrof de 
landkrab Gecarcinus lateralis (Hodge РП Chapman, 1958). 
Zoals reeds eerder is vermeld, uorden de neurosecretonsche producten opge­
slagen η de axoneirdigingen in de vorm var membraan gebonden granula. Op 
grond van verschil in grootte, vorm en electronendichLheid van deze granula 
uorden de axoneindigirgen in meerdeie typen verdeeld. In de oudere beschnj-
virgen van de ultrastructuur van de smuskliei verdeelde men do granula 
slechts m tuée typen ni. die uelke een gemiddelde diameter hebben kleiner 
dan uel groter dan 100 rm. Togenuocrdig maakt men onderscheid in dno tot 
zeven verschillerde typer axnnendigngcr m diverse soorten Lrjstacea. 
Uoor een volledige opsomming uordt veruezen naar Hoofdstuk I. Aanvankelijk 
ontstond de gedachte dat lén type van neurosocretonsche granula overeen 
komt met een bepaald hormoon. Bij de meeste soorten Crustacea komt echter 
het aantal typen van axoreindigingen niet overeen met het aantal neurosecre-
tonsch werkzame substanties, uelke aan de sinusklier uorden toegeschreven. 
Er zijn vier verklaringen van dit probleem mogelijk: 
1.In één axoneirdigng kunnen meer dar Ier reurosecretorische su^sta^tie 
opgeslagen en afgegeven uorden; 
2.ten type van axoneindigingen komt overeen mot meer dan lén neurosecie-
Lonschc sjcstantie; 
i.fe" neurosLcretonsche subotantie kan meer dar lln functie hebee-; 
4.1еі aantal functies van do sinusklier verschilt van ooort tot soort, 
Ho-r -¡gol va dit Qi-oerzopK io na to gaan o" endocгl0', rpregjleerce fys±o-
loçibche verandermgen in vercard gebracht kunnen uordun met verander! ige η 
i1" de ulLras^ructbLi var de sinuskliei ja- de moeraskrpp^t ^^ÏFCLQ lepto-
-'liLrecToL uorct ""icrtcr η hoofdstuk I de mitrastiuctuur van ÜP sinus-
klier i" er morreskrpeft -e^chrevb Í ders hot tLssp-^vprvellirgsstadium. 
-Con belangrijk hormonaal gereguleerd proces in Crustacea is de vervellinq. 
In Hoofdstuk II uorden ueranderingen boschreuen in de ultrastructuur uan 
de sinusklier in de uerschillende ueruellingsstadia. 
-Lichtmicroscopisch uorden histochemische veranderingen uaargenomen in de 
sinusklier tijdens de larvale en post-larvale ontuikkeling in Decapoda 
Crustacea (o.a. Zielhorst en van Негр, 1976). In Hoofdstuk III uordt 
nagegaan of de typen axoncindigingen tijdens de diverse ontuikkelingsstadia 
vergelijkbaar zijn met die van de adulte moeraskreeft. 
-Fysiologische experimenter (o.a. Hamann, 1974) hebben aangetoond dat door 
de sinusklier gecontroleerde processen een dag on nacht ritme vertonen. 
In Hoofdstuk IV uordt onderzocht of do verschillende typen van axon-
eindigingen ook een dag/nacht ritme vertonen in de afgifte van de neuro-
secretorische substanties. 
-Injecties van biogene aminen (Keiler en Eeyer, 1968) er cycliscne nucleo-
tiden (Spindler et al., 1976) veroorzaker een verhoging van het glucose 
gohalte in de homolymfe van Crustacea. Hierdoor uerd de hypothese ontuik-
keld, dat deze substanties in zouden uerken op hot hyperglycemisch hor­
moon, Cnderzocht uordt in Hoofdstuk V of ra injecties van deze stoffen 
eer verhoging optreedt in de hormoon afgifte in de verschillende axon-
eindigingen in de sinusklier. 
-Tenslotte uordt er een vergelijking gemaakt tussen de typen van axoneindi-
gingen in sinuskliersr van verschillende Decapoda Crustacea (Hoofdstuk Ui). 
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General Introduction. 
Neurosecretory cells are found thrnughout the central nsruous system and 
contribute by their nultltude to a uell doueloped neuro-endocrine system 
in Crustacea. The sinus gland X-organ complex, η a considerable number 
of Crustacea localized in the eyestalks, represents an important group of 
such neurosecretory cells. These cells possess properties both of пегие 
cells and endocrine cells. Morphologically they resemble пегие cells, this 
means they haue a cell body and an axon. The X-organ of the Crustacea is 
built up of a number of these cell bodies. The axon terminals form, 
bordering the hemolymph, the so-called neurohemal area, that is in Crustacea 
the sinus gland.The endocrine aspect of neurosecretory cells is represented 
by the production of neurosecretory substances, mostly peptides. The neuro­
secretory substances are transported, as neurosecretory granules, for 
storage and release to the axon terminals. After release in the hemolymph 
they act like hormones. 
The eyestalks of Decapoda Crustacea и ге divided in four types by Hanström 
(1928) on the basis of the location of the protocephalic ganglia and the 
optic centres. The eyestalks of the crayfish Astacus leptodactylus belong 
to tne so-called "Carcmus" type, uhich means that the optic ganglia 
(lamina garglionans, medulla externa, medulla interna and medulla termi-
nalis) are present uithin the eyestalk (fig.l). The X-organ is situated 
at the medulla termnalis and the sinus gland at tne transition of tne 
medulla externa and medulla interna. 
Uhen Hanstr3m (I9.il) mentioned for the first time the sinus glard, he shoued 
already that the gland is connected by means of axons uith the X-oigan. 
Still the sinus gland uas corsiderbd as a real gland. This means that the 
secretory pioducts are produced, stored and released in this organ. The 
nerjous connection uith the X-orgar uas considered as a control mecl·anís"1 
for the release of the secretory substarces. Suosoquently, it uas shoun 
hy Enami (1951) and Potter (1954) that tho secretory substances are produced 
in the X-organ and transported for storace and геіьазе to the sinus gland 
(Cebe, I^Cû). 
Distinct identifiable neurnsecretory cells are loralizeü in the modulla 
exuerna and medulla interna (Kleinholz et al., 1962). houeucr jp to nou 
иггу little uork Ι-Γ><- эеег done on these cells. Gace (195C) suggested that 
th« sinus gland гьсиіиез some neurosecretory suostances from neurosecretory 
ponkarya, but that the mam source is the X-organ. In 197 Andreu et al. 
shoued, су means of axoral lortop^oresis, that in the crayfish Prconectes 
it ills Ine smub gland has connections with tne X-orgai and the brain. 
These authors also found connections of the sinuo gland uith some areas 
of the mudulla externa and medulla interna. Ulthout motivation, they consi-
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der these aa branches of the sinus gland. 
Biochemical and physiological investigations haue demonstrated that at least 
six hormonally active substances, uith différent physiological activities 
are stored in and released from the sinus gJand, namely: a hyperglycemic 
hormone, salt and uater balance regulating hormones, chromatophorotropins, 
a distal retinal pigment hormone, a moult inhibiting hormone and an ovary 
inhibiting hormone (see review of Kleinholz, 1976). In 1977 Aréchiga et al. 
demonstrated that in the crayfish Procambarus bouvieri also a nourodepres-
sing hormone is stored in and released from the sinus gland. 
Uith the aid of histochemical techniques Potter (1958) and Rehm (1959) 
demonstrated light microscopically six different types of axon terminals 
in the sinus gland of the blue crab Calliroctes sapidus and tne shore crab 
Carcinus maenas. 
The first description of the ultrastructure of the sinus gland is given by 
Hodge and Chapman in 195B in the landcrab Gecarcinus lateralis. 
As mentioned before, the neurosecretory substances are stored in the axon 
terminals as membrane bound granules. On tho basis of differences in diame-
ter, shape and electron density of these neurosocretory granules, the axon 
terminals are divided in several types. In the first descriptions of the 
ultrastructure of the sinus gland only tuo types of neurosecretory granules 
are distinguished depending on the mean diameter (belou or above 1UO nm). 
\iouadays one distinguishes betueen three and sever different types of axon 
terminals in several species of Crustacea. They are described in Chapter I. 
One uould be inclined to think that one typo of neurosecretory granules 
corresponds uith one distinct hormone. Houever, in most Crustacea the 
number of the different types of axon terminals is not matching the number 
of neurosecretory active substances, uhich are ascribed to the sinus gland. 
four situations can be envisaged here: 
l.ln one axon terminal can be stored and released more than one neurosecre-
tory active substance; 
2.One type of axon terminals is composed of more than one neurosecretory 
substance ; 
3.A giver neurosecretory SLOstance can have more than one physiological 
effect ; 
4.The number uf functions of the sinus gland differs uith the species. 
The aim of this study is to find evidence for a relationship botueen 
neuroendocrine regulated physiological variations and changes in the ultra-
structure of the sinus gland in tho crayfish Astacus leptodactylus. 
-In Chapter I the ultrastructure of tho sinus gland is described during 
the intermoult stage. 
-An important enriocrirologically controlled process in Crustacea is moulting 
In Chapter II changes are described in the ultrastructure of tne sinus 
gland di-ring "che moulting cycle. 
-Histochemical cnanges in the sinus gland during larval and post-larval 
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development aro кгоип to occur ir Decapoda Crustacea (Zielhorst and van 
Негр, 1976). In Chapter III various developiiental stages are studied, to 
look for differences in the types of axon terminals in comparison uith 
the adult crayfish. 
-Physiological experiments have indicated, that some processes controlled 
by the sinus qland are subjected to diurnal rhythmicity (Hamann, 1974). 
In Chapter IV ue have examined the release activity of the different types 
of axon terminals during a day/night cycle. 
-Injections of biogenic amines (Keller and Beyer, 1968) and cyclic nucleo­
tides (Spindler et al., 1976) cause an increase in the glucose level of 
the hemolymph in Crustacea. Thissuggests that those substances have an 
influence on the hyperglycemic hormone. In Chapter V ue compare the release 
activity in the different axon terminal typos of treated and untreated 
crayfish. 
-Finally a comparison is made between the granulo composition in the sinus 
gland of different Decapoda Crustacea (Chapter VI ). 
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Fig.1. Longitudinale doorsnede door een oogstepl uan de moeraskreeft Λ5Ϊ3θυ5 
leptodactylus, met de uier optische ganglia (lamina ganglionaris: lg; 
mpdulla externa: me; medulla interna: mi; medulla terminalis: mt), net 
X-orgaan: X en de sinusklier : sg, hemolymfc: h; spier: m. Fixatie: Bouin 
Dubosq-Brasil, Kleuring: Azan-novum. 60x 
Fig.1. Longitudinal section through an eyestalk of the crayfish Astacus 
leptodactylus, shouing the four optic ganglia (lamina ganglionaris : lg; 
medulla externa: me; medulla interna: mi; medulla terminalis: mt), the 
X-organ: X and the sinus gland: sg, hemolymph: h; muscle: m. Fixation: Зоиім 
Dubosq-drasil. Staining: Azan-nouum. 60x 
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Part of this chapter is published in: 
Cell and Tissue Research 180, 203-210 (1977). 
I. THE ULTRASTRUCTURE OF THE SINUS GLAND UP THE CRAYFISH ASTACUS 
LEPTDDACTYLUS (NCRDHANN) DURING THE "INTF4nnULT" STAGE. 
2G 
Introductіог. 
The sinus gland, uhich uas described for the first time on the light mi­
croscopical level in 1933 by Hanström, is situated dorso-laterally at the 
transition of the medulla externa and medulla interna. The sinus gland is a 
neurohemal organ that is connected by axons uith the perikarya of neurose-
cretory cells, uhich are located in the X-organ of the medulla terminalis. 
The sinus gland is also connected uith the brain. This connection is proba-
bly non-neurosecretory of nature (Andreu et al., 1978). 
As already mentioned before at least six different neurosecretory substan-
ces are stored in and released from the sinus gland (see revieu of Kleinholz, 
1976). 
Seueral investigations on the ultrastructure of the sinus gland haue been 
performed in the last twenty years. In 1958 Hodge and Chapman described 
at the ultrastructural level the sinus gland in the land crab Gecarcinus 
lateralis. They distinguished tuo types of neurosecretory granules. This 
finding uas confirmed by Ueitzman (1969) for the samo species. Tuo types of 
neurosecretory granules uere also described by Knoules (1959) in Squilla 
mantis, Fingerman and Aoto (1959) in Cambarellus shufeldti and Shivers 
(1967) in Orconectes nais. Heusy (1968) in Carcinus macnas and Plartin (1972) 
in Porcellio dilata lus described three types of granules. Four types of 
granules uere reported by Bressac (1976) in Pachygrapsus marmoratus and by 
Hisano (1976) in Palaemon paucidens. Five different typos of neurosecretory 
granules uere observed by Bunt and Ashby (1967) in Procambarus clarkii, by 
Smith (1974) in Carcinus maenas, by Silverthorn (1975) in Uca pugrax, by 
phatak and Rangneker (1976) in Palinurus polyphaqus and by Strolenberg et al. 
(1977) in Palaemon serratus. Chataigner et al. (1978) could oistinguish 
six types of neurosecretory granules in Sphaeroma snrratum. Finally Andreus 
et al. (1971) described seven different types of granules in the Ыия crab 
Callinectes sapidus . 
In order to correlate our endocrinological investigations on the neurosecre­
tory system of Astacjs leptodactylus uith variations in the ultrastructural 
composition of the sinus gland, the intention of this study uas to obtain 
an idea of the granulp composition of this neurohemal organ. 
Materials and ñetbous. 
Sinus glands uere extirpated bstueen 9.00 and 12.00 Α.ΓΊ. from normally fed, 
adult female and malp crayfish of the species Astacus leptodactylus, uhich 
uere in stage С of their moultirg cycle (Drach, 19ΊΊ ) . Tne aniñáis uere 
kepr ir the laboratory in running tap uater of about 14 C. The sinus glands 
uere fixed for ОПР hour in one of tho follouing solutions: 
a. h% osmium tetroxide buffered in 0.2 Π s-collidino (pH 8.0; osmolarity 
200 mosmol; Bonnet and Luft, 1959); 
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b. 4% osmium tetroxide in Veronal-acetate Duffer (pH 8.0; osmolanty 7GD 
mosmol; Palade, 1952); 
c. 3.6% glutaraldehyde and 0.3% ruthenium red buffered in 0.2 Г cacodylate 
(pH Θ.0; osmolanty 300 mosmol; Ljft, 1971); 
d. 6.55$ glutaraldehyde in 0.1 M sodium phosphate buffer (pH B.0; osmolanty 
360 mosmol; Sabatini et al., 1963); 
e. 2.5% glutaraldehyde in the physiologic salinp solution for crayfish "van 
Harreueld" (osmolanty AIO mosmol, Andreus, 1967); 
f. 2.5% glutaraldehyde buffered uith 0.1 Γι sodium cacodylate (pH Θ.0; osmo­
lanty 400 mosmol; Ueissenfels, 1971a and b). 
All the mentioned buffer systems uere cooled in ice. 
For the last three fixations the sinus glands uere post-fixated in 1/S osmium 
tetroxide in the appropriate buffer. Post-fixation for system с took place 
in 5% osmium tetroxide and 0.3% ruthenium red in 0,2 И cacodylate buffer 
(Luft, 1971). After dehydration in increasing concentrations of ethanol, 
the sinus glands uere embedded in a mixture based on Epon 812. Ultrathin 
sections uere cut uith a Reichert OMU 2 ultramicrotome. After poststaming 
uith uranyl acetate (Uatson, 1968) and lead citrate (Reynolds, 1963), the 
sections uere examined in a Philips 201 electron microscope at a voltage 
of 60 kV. For the quantitative uork the electron microscope uas calibrated, 
using a carbon replica grating grid (2160 lines per mm). 
Freeze-fracture replicas uere made according to Shivers (1976). ^irus glands 
uere immediatly fixed ir ice cold 2.5% glutaraldehyde, buffered in O.IM 
sodium cacodylate (pb 8.0; osmolanty 40C mosmol). After nrsirg in the 
same buffer, the sinus glands uere glycennated overnight in 20% glycerol 
in 0.1 M sodium cacodylate at 4 C, Betueen 8 and 10 sinus glands, placed 
on a golden specimen disc, uere frozen during ten seconds in Freon 22, 
cooled uith liquid nitrogen. Fracturing took place in a Balzers freeze-etch 
apparatus at -100 С The etching time uas about three minutes. Replicas 
uere made by evaporating a film of platinum and stabilized by coating uith 
carbon. The replicas uere cleaned for tuo hours in Glonx. The replicas 
uero examined in a Philips 300 electron microscope at 60 kU. 
Results. 
The sinus gland of Astacus leptodactylus contains three components: glial 
cells, axons and axon terminals (fig.l). 
1.Glial cells, 
A large portion of the glial cell is occupied oy the nucleus, uhich is ir­
regular in shape and often shous numerous invaginations (fig.2). Sometimes 
one can observe a nucleolus. The cytoplasm contains microtubules uith a 
diameter of 20 nm, vesicular structures, mitochondria and fiee noosomes. 
Rough erdoplasmatic reticulum is often situated around the mitochondria and 
occasionally one can observe a Golgi complex. Granules of tnp types found 
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in the axon terminals are never found in the glial cells. 
2.Axons. 
As a neurohemal organ, the sinus gland receives the axons from the р гі-
karya of neurosecretory cells uhich are localized in the X-organ of the 
medulla terminalis. According to Andrew et al. (1978) the sinus gland 
X-organ tract encompasses about 115 axons in the crayfish Orconoctes virilis. 
In fig.3 a feu non-myelinated axons are cut transversely. A distinguishing 
feature of these axons is the presence of numerous microtubules uith a 
diameter of 2D nm, uhich are spread over the central area of the axon. 
Occasionally mitochondria and secretory granules are observed, mostly loca­
ted at the periphery of the axons. 
З.Ахоп terminals. 
In the vicinity of the blood-lacunae the axons end blindly in typical axon 
terminals, uhich are characterized by the storage and release of neurose­
cretory granules. As summarized in Table I, cacodylate fixed sirus glands 
of female and male crayfish contain five different types of axon terminals 
on the basis of size, shape and electron density of tho secretory granules. 
Table I, Characterization of the different granule types in the sinus gland 
of Astacus leptodactylus, after fixation in sodium cacodylate buffer system. 
Type Diameter Mean Shape 
(min-max diameter 
values,nm) in nm 
Electron 
density 
Frequency 
I 
II 
III 
IV 
U 
50-75 6Q 
65-95 1 
85-115 100 
100-170 112 
125-220 135 
round moderately 
dense 
round or oval dense 
round or oval dense 
round 
round 
15 
9 
moderately dense 49 
to dense 
moderately dense 20 
nicrographs of each granule type are given in fig.4-8. From their frequency 
distribution ыо conclude, that the majority of the axon terminals belong 
to the fourth type, uhereas the first and third type have the louest fre­
quency (Text-fig.1). 
Using different buffer systems, the preservation of the neurosecretory 
granules varies as is snoun in fig.9-13 for different types of axon termi­
nals. But, uitn every fixation system used, the highest electron density 
resided in the type II and type III axon ternirais. Only in physiologic 
saline after Andrevs (1957) instead of a buffer system, there uere no cif-
ference in the electron density cf the different granule types. 
2 3 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
%of axon terminals-
Ί 
г^ -
Id " " iba 
FL. 
Π Π 
ι ι 
j | 
i | 
4 
-Л 
™=~Я-ftVeterinnV!? can diameter in 
Text-fig,1. Frequency distribution of the mean diameter of the neuro­
secretory granules in the axon terminals in the sinus glands of the cray­
fish Astacus leptodactylus, after fixation in sodium cacodylate buffer 
system. 
As is shoun in fig,9 the granules асв not enclosed by distinct membranes 
using the buffer system of Palade (1952), An unusual feature uhich is seen 
uith all the buffer solutions used, is the budding of clear vesicles from 
the neurosecretory granules, especially uhen ue used physiologic saline 
solution (fig,14). In freeze-fracturo replicas of sinus gland axon termi­
nals one can also see projections of the protoplasmic surfaces of neurose­
cretory granules (fig,15 and 16). Occasionally the granules are intercon­
nected by these projections (fig.14-16). Rpmarkable is also the presence of 
many particles on the exoplasmic surface of the neurosecretory granule 
(fig,15), Membranes around the granules are clearly visible uith s-colli-
dine buffer system and even more uith the sodium cacodylate system uith 
ruthenium red (fig.11 and 12), 
The core of the granules has a more "granular" aspect after fixation in a 
sodium phosphate buffer system (fig.10). Cross-fractured neurosecretory 
granules suggest, that the content of the neurosecretory granules is built 
up of particles (fig,16). An even distribution of the electron density of 
the core matrix uas obtained only uith sodium cacodylate as buffering ьуз-
tem (fig.4-8). Differences in the electron density of the core matrix of 
the neurosecretory granules are seen after fixation in a s-collidine buffer 
system (fig.11), Using the sodium cacodylale buffer system uith ruthenium 
red the core Tiatrix beneath the limiting membrane is darker than ir the 
center of the granulp (fig,12 and 19). Besides these more or less electron 
dense granules, one can also see electron lucpnt vesicles uith a diameter 
of 20-40 nm, the so called "synaptic езісівь" uhich uere already des­
cribed in relation to the release of neurosecretory products by Scharrer 
(1968) (fig.17d). The release of the neurosecretory substances occurs by 
exocytosis (Bunt and Ashby, 1967; Shivers, 1969, 1976; Ueitzman, 1969; 
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Siluerthorn, 1975; Hisano, 1976; Strolenberg and uan Негр, 1977 and 
Chataigner et al., 197Θ), but the chances of observing exocytosis in the 
animals under investigation иеге very restricted (fig.17a-17d). 
The presence of elongated granules (fig.18) is also a salient feature, 
Similar granules uere described by Knoules (1959) in Squilla mantis, by 
Andreus et al. (1971) in Callinectes sapidus and by Silverthorn (1974) in 
Ilea puqnax. Uhen these elongated granules abundantly populate one axon 
terminal, they are lacking in neighbouring axon terminals, 
Another type of granule is the so-called "tailed"-granule, uhich is only 
seen after fixation in the sodium cacodylate buffer system uith ruthenium 
red. This type of granule is characterized by a fingerlike extension attach­
ed to the surface of the granule (fig.19), Houever, ue cannot exclude the 
possibility that the elongated granules and "tailed"-granules uould be for­
med as a reproducible fixation artefact. 
In some micrographs ue could observe uithin an axon terminal one or more 
clusters of granules surrounded by membranes (fig,20). This type of auto-
phagosome is also described in the sinus gland of the freshwater praun 
Palaemon paucidens by Hisano (1976), 
Septate desmosomelike junctions betueen different types of axon terminals 
uere also observed as is shown in fig.21, So far only Hisano (1978) has 
described synaptic-like junctions in the sinus gland of Palaemon paucidens. 
The axon terminals are surrounded by a unit membrane. In agreement uith 
Shivers (1976) the protoplasmic face is characterized by randomly spread 
particles, uhereas the extracellular surface is much less particulated 
(fig.15). The axon terminals also contain mitochondria. 
Inside the blood-lacunae one can see a fine granular structure. It is cal­
led basement membrane or glycocalyx by Bennet (1963), At a higher magnifi­
cation parallel rous of fibrils uith a diameter of 10 to 15 nm and uith an 
electron dense centre are visible (fig.22), 
Discussion. 
Biochemical and physiological investigations have demonstrated that at least 
six different neurosecretory products are stored in and released from the 
sinus gland (Kleinholz, 1976). Ultrastructurally ue could distinguish only 
five different granule types. This seems to be ir discrepancy uith the 
biochemical and physiological data. But one must consider, that in the 
first place one hormone may exert more than one physiological function and 
secondly that uith the aforementioned fixation sytems different hormones 
may be stored uithin ultrastructurally indistinguishable neurosecretory 
granules in different axon terminals, 
Bunt and Ashby (1967) have indicated that in Procambarus clarkii the sinus 
gland of the adult male crayfish contains five different neurosecretory 
granulo types, uhile ir the female there aro only four types. In contrast 
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to their oboeruations, ue could not oDserue such a difference betueen the 
tuo sexos of the crayfish Astacus leptodactylus. On the contrary our 
results resemble those of Meusy (196Θ), uho has also been unable to dis­
tinguish female from male Carcinus maenas on the basis of neurosecretory 
granule types. 
Using different buffer systems ue noticed differences in the quality of 
preservation of the contents of the neurosecretory granules. Andreus et al. 
(1971) found differences in the electron density of the neurosecretory 
granules, even uithin one axon terminal (their so called F.-granule) after 
using different buffer systems. On the contrary ue could neuer observe 
electron-lucent granules comparable to the F. and F„ granule types of 
Andreus. Our investigation suggests a difference in the electron density of 
the core matrix uithin one granule. This could possibly due to the uashing 
out of peptides by the OsO.-s-collidine solution (Luft and Uood, 1963). 
In agreement uith the results of Andreus et al. (1971) ue can conclude that 
especially tho use of a particular buffer system greatly determines the 
morphological appearance of the different neurosecretory granules in the 
sinus gland. Therefore it is mandatory to use carefully standardized pro­
cedures of fixation. 
So far only Hisano (1976) has mentioned the presence of autophagosomes in 
the sinus gland of the praun Palaemon paucidens. Similar structures are 
present in the rat neurohypophysis (Rufener, 1973), According to this author 
their function uould consist in removing excessive amounts of neurosecretory 
material. Autophagosomes are also observed in the freshuater snail Lymnea 
staqnalis in axons of neurosecretory cells, uhich uere inactivated 
(Uendelaar Bonga, 1971 and Roubos, 1973). 
Hisano (197B) stated the presence of synaptic-like junctions in the sinus 
gland of Palaemon paucidens. Neither in thin sections (Bunt and Ashby,196B; 
Andreu and Shivers, 1976) nor after electrical recording (Cooke et al., 
1977) the presence of synapses in the sinus gland could be ascertained. 
In our investigation ue could only observe septate desmosome-like junctions. 
Evidently there exist specialized contact sites betueen the different axon 
terminals in the sinus gland of the crayfish Astacus leptodactylus. 
Release of the neurosecretory granules in Astacus leptodactylus occurs by 
exocytosis. This finding is in agreement uith the most of the uork on 
crayfish sinus glands (Bunt and Asnby, 1957; Meusy, 1963; Shivers, 1969 and 
1976; Ueitzman, 1969; Silverthorn, 1975; i-i
sanci> 1975; Strole-^crg and van 
Негр, 1977; Cnataigner et al., 197B). Oreifuss (1975) concluded from his 
freeze-fracture studies, that thoro exist similarities oetueer the proto­
plasmic face of the axon membrane and the exoplasmic surface of the neuro­
secretory granule. Like Droifuss (1975) and Shivers (1976) ue find in our 
freeze-fracture replicas numerous membrane bound particles in both mem— 
Dranes. 
The process of oudding has already teer mentioned by Bunt and Ashby (1967), 
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ShiuEFb (1969), Smith (1974) and Hisano (1976). Andrews (1973) assumes that 
the projections of the limiting membranes of the neurosecretory granules 
in freeze-fracture replicas correspond to the budding of clear uesicles of 
neurosecretory granules. Shivers (1976) supposes that these projections 
haue a function ir establishing connections betueen neurosecretory granules, 
The opinion of Androus (1973) supports the intracellular fragmentation 
theory of the neurosecretory granules of Scharrer (1968) and bcharrer and 
Uurzelman (1978). Scharrer and Uurzelman (1978) assume that there exists, 
besides the readilyreleasable and storage pool of neurosecretory дгапиіеь 
(Dreifuss, 1975), an "easily auailable cytoplasmic pool" of hormone. 
Elongated granules in sinus glands are also mentioned by Knoules (1959) ir 
Squilla mantis, by Andreus et al. (1971) in Callirectes sapidus and by 
Siluerthorn (1974) in Ilea puqrax. In our investigation ue could observe 
these elongated granules especially in the type II and type III axon 
terminals. Thureson-Klein et al. (1973) describe elongated granules in bo­
vine splenic nerves containing norepinephrine. 
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Fig.1. General uieu of the sinus gland uith part of a nucleus (η) of a 
glial cell, axons (ax) and axon terminals (at). In the glial cytoplasm (g), 
uhich ramifies betueen the axon terminals, one can distinguish mitochondria 
(m) and rough endoplasmatic reticulum (r.e.r.). Axons shou many microtubu­
les (mt). The sinus gland is covered by a basement membrane (bm). Diffe­
rent neurosecretory granule typos are indicated by roman numerals, χ 11.DDO 
Fig.2. Glial cell. The major area is occupied by the nucleus (n). The glial 
cytoplasm (g) contains mitochondria (m) and a Golgi body (gb). Granule 
types are indicated by roman numerals, χ 10,000 
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Fig.3. Transverse section of an axon. Note the presence of microtubules 
(mt) in the centre and mitochondria (m) at the periphery of the axon. 
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Fig.4.-Fig.θ. The different granule types after fixation in sodium cacody-
late buffer system. 
Fig.4. Granule type І.хЗО.ЗВО 
Fig.5. Granule type II. хЗО.ЗВО 
Fig.6. Granule type III. хЗО.З О 
Fig.7. Granule type IV. хЗО.ЗВО 
Fig.В. Granule type \l, хЗО.ЗВО 
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Fig.9. Granule typesll and IV after fixation in a buffer system according 
to Palade. χ 30.3B0 
Fig.10. Granule type \1 after fixation in a sodium phophate buffer system. 
χ 44.100 
Fig.11, Granule types II and IV after fixation in a s-collidi-e buffer 
system, χ 20.150 
Fig,12. Granule types II and IV after fixation in a sodium cacodylate buf­
fer system uith ruthenium red. x22.320 
Fig.13. Granule type IV after fixation in physiologic saline solution for 
crayfish "van harreueld". χ 3C.380 
Fig.14. Fixation in physiologic saline solution "van Harrcveld". Note the 
budding of clear vesicles (эіс аггои) and the "connection" betueen tuo 
granules (little arrow). Granulo type V. χ 71.300 
36 
*л* II/. wfm?m 
•·.
 #
 # fr #* 4+ 1* 
»* * ' 1%&Ф -f g 
ι·,* »««»vir > ' · 
». -' Ι Ι ' ϋ _ ( . „ 
Л* *ΨΑ i* MI 
a¿rs · · ·< 
»;«· if ..•li·' 
37 
Fig,15. Vieu of an axon terminal aFter freeze-fracturirc. Gne can sec the 
exoplaamic surface (es) and the protoplasmic face (pf). Mots the 
presence of particles on the protoplasmic face. Or Ihu prutoplasmic surface 
of the neurosecretory granules one can observe projections (big arrou), 
The neurosecretory granules are sometimes interconnected by projections 
(little arrou). The exoplasmic surface of the neurosecretory granules 
shows many particles (uhite arrou). The arrou in the right corner indicates 
the direction of the platinum shadouing of the replica, χ 56,OOG 
Fig,16. Uieu of an axon terminal after freeze-fracturing. Mote t^e presence 
of a cross-fractured granule (uhite arrou). The arrou in the right corner 
indicates the direction of the platinum shadouing of the replica, χ 2Θ.520 
Fig.17a-17d. Uieus of successive steps in the release of neurosecretory 
granules by the process of exocytosis. 
Fig.17a, Neurosecretory granule makes contacts uith axon membrane (am) to 
release the content through the baseront membrane (bm) into the hemolymph 
(h). (Picture taken tuo hours after injection of 5-hydroxytryptamine; see 
Chapter U). χ 195.000 
Fig.17b. Neurosecretory granulos releasing their content into the hemolymph 
(h) by exocytosis (arrou). (Picture taken at 22.00 p.m. during the day and 
night rhythm; see Chapter lU). χ 63.700 
Fig.17c. After releasing the hormores, the axon memorane shous a omega 
like configuration (arrou). Hemolymph: h. (picture taken tuo hours after 
injection of d-cAMP; see Chapter V). χ 47.450 
Fig,17d. Reabsorption of the axon membrane, by the uay of vesicular clus­
ters (vc). (Picture taken tuo hours after injection of 5-hydroxytryptamine; 
see Chapter U). χ 97.500 
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Fig.18, Elongated granules (axon terminal type II). x 37.24C 
Fig.19. "Tailed" granules (big arrou). Mote the prosence of a dense area 
on the inside of the limiting membrane of the neurosecretory granules 
after fixation in a sodium cacodylate buffer system uith ruthenium red 
(little arrou). χ B7.400 
Fig.2G. Uieu of an autophagosome (p) present ir an axon terminal, χ 14.260 
Fig,21. Uieu of a contact betueen axon terminals by means of a septate 
desmosome. χ 61.250 
Fig.22. Part of the basement membrane of the sirus gland, shouing an 
amorphous layer (a) and fibrillar structures (f). Arrou indicates cross 
sectioned fibrils, χ 32.450 
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II. ULTRASTRUCTURAL CHANGES IM THE SINUS GLAND DURING THE MOULT CYCLE 
CF THE CRAYFISH ASTACUS LFPTOUACTYLUS (NDRDrAIVN). 
44 
I ntrcduction. 
One of the most important endocrinoloçically regulated processes ir Crus-
taceans is the moult process. The tuo hormonal factors, uhich play a key 
role in the regulation of this phenomenon, are the so-called mcult promo-
ting hormone (PIPH) and the moult inhibiting hormore (МІН) . 
The FIPH is probably synthetized in the paired Y-organs and secreted in the 
hemolymph as alpha-ecdyson. This is then converted to beta-ecdyson as de­
monstrated in 1969 by King and Sidall in Cranqon niqricauda and Uca puqi-
lator. In this picture the function of the Y-glands must be seen as an 
initiation of the moulting process (Echalier, 1954). This is confirmed by 
the investigations of Uillig and Keller (1973) in Orconectes limosus. 
Changes in the ultrastructuro of the Y-organs during the moult cycle uere 
already described by Піуаиакі and Taketomi (1971) in Procambarus clarkii 
and by Aoto et al. (1974) in Palaemon paucidens. 
The MIH, identified by Rao (1965) in Ocypode macrocera as a polypeptide, is 
synthetized in the perikarya of the X-organ of the medulla terminalis, as 
uas shoun by Passano (1953). From this production centre the MIH is trans­
ported by axons to the sinus gland (Andreu et al., 1978). In the crayfish 
Astacus loptodactylus is the sinus gland situated dorso-laterally at the 
transition of the medulla externa and medulla interna. 
Physiülogical and biochemical investigations have demonstrated, that besi-
des the aforementioned MIH at least five other hormonally active substances 
are stored in and released from the sinus gland (see revieu by Kleinholz, 
1976). 
The occurrence of cyclic changes in the sinus glands during the moult cycle 
uas for the first time described at the light microscopical level by Pyle 
(1943) in Homerus americanus, Pinnotheres maculstus and Cambarus virilis. 
Gabe (1952a, b) observed similar variations in rhe sinus glands of Oniscus 
asellus and of several Decapcda Crustacea as Cranqon vul caris, Palaemon 
serratus and Pachyqrapsus marmoratus, he uas followed by Rehm (1959) uho 
described changes in the staining affinity in the sinus glands of Carcinus 
maenas during the moult cycle. 
Huuever,among the steauily inerpasing number of oapers, uhich describe 
the sinjb gland at the ultrastructural level, only a feu report changes at 
the SLomicruscopica] Ipvel during the moult cycle. Teusy (1968) and Згрчзас 
(1976) cxaTiined the binus clanes of Care inJS map nas and pacny qraosus mario-
ratus also in other stages tha- the intemoulz stage, but they did not 
find any diFference in the ult rastructure. Martin ('\9'72) descrired the 
liberation of the reurosecrotcrv substances г^еті the sinus gland in the 
IsoporiB PrrceIlio di 1atatus during stage Γ ano an increase of stored neurr-
secietory products dui ing stage С. Amstrong (1973) observed in the shiimp 
Palaemonctes kadi akprsis variabions in the granule types uhich he tried to 
4b 
correlate uith the moult cycle. 
The aim of this study uas to follou the changes in the ultrastructure of the 
sinus gland of the crayfish Astacus leptodactylus during the moult cycle 
and to correlate tne changes uith uell-knoun physiological data. 
Materials and Methods. 
For this ultrastructural study sinus glands uere collected betueen 9.00 Д.П. 
and 12.GO A.M. from 20 adult male crayfish of the species Astacus lepto­
dactylus, uhich uere in different stages of their moult cycle. The animals 
uere kept in the laboratory in running tap uater of about 14 C. The moult­
ing stages uere determined by examining small pieces of carapax according 
to the histological method of Keller and Adelung (1970). The sinus glands 
uere immediately fixed in cold 2.5% glutaraldehyde, buffered uith 0,1 H 
sodium cacodylate (pH Θ.0; osmolarity 400 mosmol). Post-fixation took place 
in Ι/ζ osmium tetroxide dissolved in the same buffer solution. After dehy­
dration in increasing concentrations of ethanol, the sinus glands uere 
embedded in a mixture based on Epon 812. Ultrathin sections uere cut uith 
a Reichert GHU 2 ultramicrotome. After poststaining uith uranyl acetate 
(Uatson, 1968) and lead citrate (Reynolds, 1963), the sections uere exa­
mined in a Philips 300 electron microscope at 60 kU, uhich uas calibrated, 
using a carbon replica grating grid (2160 lines per mm). The diameters of 
the elementary neurosecretory granules uere calculated from photographic 
negatives uith a final magnification of 108,780x. The frequency distribution 
of the neurosecretory granules in each axon terminal uas statistically 
tested, using a Diehl Algotronic. The "packing", uhich is the number of 
neurosecretory granules per unit of surface, and the area of the basement 
membrane uere determined using a "Manuell Optisches Bildanalysensystem" 
(MOB) on the basis of negatives uith a final magnification of ЗО.З Ох and 
108.780x. The data uere submitted to a Fisher F-test and/or a Student Τ 
test. All tests uere carried out at the b% level of probability; tuo-sided. 
Results. 
As already described in Chapter I, the sinus glands of Astacus leptodactylus 
are built up of three major components, namely glial cells, axons and axon 
terminals (fig. 1 and 2). The axon terminals, uhich are the most abundant, 
play an important role as storage and release centres of neurosecretory 
granules. They can be characterized on the basis of size, shape and elec­
tron density of these granules. In addition to these parameters, ue have 
used the "packing" to obtain an idea of the activity of the sinus gland 
during the moult cycle. The aforementioned characteristics uere uorked out 
for the intermoult stage, as summarized in Table I. These data uere then 
compared uith the premoult (D -0„), moult (E) and postmoult (A and B) 
stages. 
In general, the five types of axon terminals as described by Strolenberg 
άβ 
Table I. Characterization of the different granule types in the sinus gland 
of the crayfish Astacus leptodactylus. 
Type Diameter 
(min-max 
ualues) 
dean 
diameter 
(in nm) 
Shape 
r o u n d 
r o u n d 
or o v a l 
r o u n d 
or o v a l 
E l e c t r o n 
d e n s i t y 
m o d e r a t e l y 
dense 
dense 
dense 
Frequency Packing 
% (in 414U 
2ч 
nm ; 
I 
II 
III 
I и 
V 
50 - 75 
65 - 95 
85 -115 
100-170 
125-220 
6Θ 
BI 
100 
112 
135 
round moderately 
dense to dense 
round moderately 
dense 
7 
15 
9 
49 
20 
0.48 
0.34 
0.33 
0.27 
0.18 
et al. (1977) for stage С of the moult cycle can be observed during the 
premoult, postmoult and moult stages, Houever и could observe a change in 
the frequency distribution of the mean diameters of the neurosecretory 
%of axon terminals 
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Fig.10. Frequency distribution of the mean diameters of the neurosecre­
tory granules in the axon terminals in the sinus glands of the crayfish 
Astacus leptodactylus, in the different stages of the moult cycle, 
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Packing index 
inter- I pre- 1*1 post-1 
moult 
moulting stage 
FiQill. VanatiGn in the packing during the moult cycle of the different 
types of neurosecretory granules. Indicated is the mean value of the packing 
+ S.F.n. Only the packing during the moult differs significantly from the 
packing of the intermoult for the typos II-U (P ualue: P<0,G2), 
granules as giuen in fig,10. Ono can observe that during the moult and 
postmoult stages the mean diameter, especially of tne type IV axon termi­
nals, increases. The five different axon terminals shou a variation in the 
packing of their neurosecretory granules (fig.11). All five types of neuro­
secretory granules reach their loupst value of packing during the moult 
stage. During the uhole cycle ue could not observe any change in the ultra-
structure of the hematocytes or the glial cells. Nor uere there a^y signs 
of release such as exocytosis, omega-shaped membrane indentations or the 
appearance of clear vesicles. 
During premoult ue could hardly observe uell defined membranes around the 
axon terminals. Houover, individual axon terminals can be distinguished 
because the neurosecretory granules do occur in groups (fig.3). From the 
very oeginning of the premoult, ыь observrd a thickening of tne basement 
membrane. This basement membrane is built up of tuo distinct otructures: 
an amorphous layer and a fibrillar structure, uith a diameter betuppn 10 
and 15 nm and uith an electron dense centre (fig.4). As it appears from a 
48 
inter- I pre lil post 
moult 
moulting stage 
Fig»12, Changes in the thickness of the basbmart membranp during the 
moult cycle. The values Found dunrg prnmoult and moult are signficantly 
higher from the ualuos found in the intermoult or postmoult stages (P<0,001) 
Number of measurements: intermoult 31; premoult 151; moult 35; postmoult 
106, The vertical bars represent the standard deviation. 
statistical analysis, this basement membrane is significantly thicker in 
the ntermoult (fig.12). Tne ultrastructural picture of the sinus gland 
during the moult resembles that of the premoult (fig.5). The membranes 
around the axon terminals are often indistinguishable and a thickening of 
the basement membrane, uhich is significant uith respect to the intermoult 
but not to the premoult, uas aluays noticed (fig.12). In this stage the 
aforementioned tuo layers in the baseTient memorane are clearly visible. 
In addition, ue could occasionally distinguisn tuo manifestations of neuro-
secretory granules in one and the same axon terminal:one uith the same 
diameter and electron density as during the intermoult and another uith 
a larger diameter and a louer electron density (fig.6). In some instances 
ue could also observe such pictures during the premoult stage. This tuo 
maniFüotatiors of rejrosecretory granules are oLobrv(-ü ir tnp axon terminal 
tyoes III, IV and V. 
A vieu of an axon teiminal during postmoult is given in fig.7. The axon 
terminals are nou often surrounded by a distinct membrane. Noticeable dui ing 
early postmoult are Lhu ly>osoiip-likp Copies i~ the basement membrane and 
ir t^ e axon terminals (figs. 7-9). 71 ese lysaspme-lKe bodies could ce 
respons^blo for tKe redjeec thickness cf tre basencrt тетэгапе, unicn is 
losirg importance as compared uith the premoalt (fig.12). 
Discussion. 
During all stages UP pxami-ed, one car discern five differprt typps of axon 
terminals, in agreement uitn the classification of the neurosecretory 
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granules during the intermoult of Astacus leptodactylus by Strolenberg et 
al, (1977). Therefore, one can assume that all the neurosecretory substan-
ces including the MIH, remain present during the uhole moult cycle in the 
sinus glands of ftstacus leptodactylus. 
The increase in the thickness of the basement membrane during premoult and 
the decrease during postmoult, uhich uas associated in the early postmoult 
uith the appearance of lysosome-like bodies, is possibly correlated uith 
a prevention of the release of the neurosecretory substances from the sinus 
gland into the hemolymph. Horeover, during premoult and moult ue could not 
observe any signs of release such as exocytosis, omega-shaped membrane 
indentations or the presence of synaptic vesicles, 
As shoun in fig,4, the basement membrane consists of an amorphous and a 
fibrillar structure. In insects it is assumed that the former contains a 
mucopolysaccharide and the latter a collagenous material (for references 
see Treherne and Moretón, 1970), 
From physiological investigations on the regulation of carbohydrate meta-
bolism in Crustacea, it appears that during certain periods of the year 
and during the different stages of the moult cycle, the release of the 
neurosecretory substances from the sinus glands into the hemolymph is redu-
ced. Scheer (1959) assumed that the content of hyperglycemic hormone in 
the eyestalks during premoult stages is louer than in the intermoult stage, 
According to Keller and Beyer (1968) and Keller (1974), the increase in 
glucose in the hemolymph after injections of serotonin or eyestalk extracts 
is practically nihil during the moult stages, respectively premoult, moult 
and postmoult stages. Therefore Keller (1974) assumes that the sensitivity 
of the target tissues must be different. In addition to these hypotheses 
(a louer content of active substances in the sinus gland during the pre-
moult stages and a louer sensitivity of the target organs), it is obvious 
from our observations that there is a reduction in the release of the 
products from the sinus gland. Ue assume that inhibition of the liberation 
of neurosecretory substances during the premoult and moult stages can be 
related to the presence of thick basement membranes, uhich possibly can 
play a role as barrier. If this is true, then ue may expect that it uill 
influence the packing per axon terminal. As is shoun in fig,11, the packing 
is decreased during premoult, uith a minimum value during the moult. This 
means that the synthesis of the neurosecretory substances in the X-organ is 
stopped earlier than the release. This is in agreement uith the aforemen-
tioned opinion of Scheer (1959), that the content of hyperglycemic hormone 
in the eyestalks during premoult stages is louer than in the intermoult 
stage. Also it seems to be in concordance uith the light-microscopical 
study of Drach and Gabe (1962), uho shoued that the quantity of neurosecre-
tory substances, being present in the colls of the pars ganglionaris of the 
X-organ, during the moult cycle displays tuo minima (postmoult»A, and pre-
moult; DQ-D^) and tuo maxima (intermoult; С and late premoult; D.. ), 
ЬО 
During the moult cycle ue could observo a change in the,Frequency distri­
bution of the mean diameter of the npurosecrctory granules (fig.10). Ue 
could observe that during the moult and postmoult stages the mean diameter, 
especially of the type IV axon terminals, increases. Also this could be 
an indication that the release activity of the sinus gland is reduced. 
A second change uhich uas sometimes observed during premoult and moult 
uas the variation in electron density of the neurosecretory granules within 
one axon terminal. Similar pictures uere already observed by Finlayson and 
Osborne (1975) ir the insect Carausius moiosus, after a period of starva­
tion, sut not m uell-fed animals. This could also apply to Astacus leotc-
dactylus, because this species also has a period of starvation during its 
moult cycle (namely during the premuult, moult and ir tne beginning of the 
postmoult stage) , 
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Fig.1. General vieu of a sinus gland, during the intermoult stage shouing 
different types of axon terminals (at), part of a glial cell uith the 
nucleus (η) and glial cytoplasm (g). Different neurosecretory granule 
types are indicated by roman numerals, χ 11.440 
Fig.2, Uieu of a sinus gland in the intermoult period of the moult cycle, 
shouing glial cytoplasm (g) and a nucleus (n). One can also see axons (ax) 
uith microtubules (mt). Granule types are indicated by roman numerals. 
χ 8,320 
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Fig,3. Picture of the sinus gland during the premoult stage. Remarkable 
is the thickening of the basement membrane (bm). Hemolymph (h). Granule 
types are indicated by roman numerals, χ 12.650 
Fig.4. Part of the basement membrane of the sinus gland in the premoult 
animals, shouing an amorphous layer (a) and fibrillar structures (f). 
χ 4D.150 
6 
V,' 
Fig.5. Uieu of the sinus gland during the moult stage. The thickening of 
the basement membrane (bm) is still evident. Hemolymph (h). Granule types 
are indicated by roman numerals, χ 6.525 
Fig.6. Picture of an axon terminal type IV, showing the difference in 
electron density and diameter of the neurosecretory granules, χ 30.380 
Fig.7. Part of the sinus gland during the postmoult stage. Arrous indicate 
the presence of lysosome-like bodies. Basement membrane (bm), axon termi­
nal (at), χ 35.280 
Fig,8. Lysosome-like bodies (arrous). Basement membrane (bm), χ 34.500 
Fig.9. Picture of a lysosome-like body, χ 198,400 
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III. THE ULTRASTRUCTURE OF THE SINUS GLAND OF THE CRAYFISH ASTACU5 
LFPTCDACTYLUS DURING LARUAL AND PObT-LARV/AL DCVELOPNENT. 
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Introduction. 
The number of investigations of the neuroendocrinological system in the eye-
stalks of adult crustaceans both from a morphological and a physiological 
viewpoint is impressive. In a striking contrast uith this is our knouledge 
of morphological and physiological aspects of development and function of 
the endocrinological system in the eyestalks of larval crustaceans. Since 
the early uork of Rathke (1829) numerous investigators took an interest in 
the embryological development of crustaceans. If ue limit our attention to 
the development of neurosecretory system and especially to the sinus gland 
X-organ complex in the eyestalk, the first uork in this area is by Pylo 
(1943) uith Homarus americanus and Pinnotheres maculatus. Up to present 
time this uork still represents a considerable part of our knowledge in the 
development of the aforementioned neurosecretory system. 
Light microscopical studies have shoun, that the sinus gland is situated 
dorso-laterally at the transition of the medulla externa and the medulla 
interna in the eyestalks of adult crayfish (HanstrHm, 1933). Biochemical 
and physiological investigations support the vieu that in the adult crayfish 
at least six different types of neurosecretory substances are stored in and 
released from the sinus gland, namely: a hyperglycemic hormone, salt and 
uater balance regulating hormones, an ovary inhibiting hormone, a moult 
inhibiting hormone, a distal retinal pigment hormone and chromatophorotro-
pins (see revieu of Kleinholz, 1976). 
So far ue don't knou anything about the presence and the function of the 
hyperglycemic hormone and the salt and uater balance regulating hormones 
during development of the larvae of crustaceans. Nothing precisely is knoun 
about the presence and the function of an ovary inhibiting hormone. Payen 
(1973) found that in the crayfish Pontastacus leptodactylus leptodactylus, 
sexual differentiation occurs in the third larval stage. She could also 
observe the precocious appearance of oogenesis in the same stage in female 
and the absence of gametogenesis in male crayfish at least until the seventh 
stage. From the beginning of the seventh stage she could recognize the 
androgenic gland and also the external sex differences. Costlou (1966) 
shoued that in the mud crab Rhithropanopeus harrissii the removal of both 
eyestalks did not accelerate the moulting frequency until stage three. This 
can be an indication for the appearance of the moult inhibiting hormone in 
this crab. Broch (i960) mentioned that in zoeae of Palaemonetes vulgaris 
the distal retinal pigment of animals kept in darkness did not move to a 
dark-adapted state. Broch (1960) also noticed that the endocrine control of 
the chromatophores of the first zoeae larvae of Palaemonetes vulgaris is 
comparable uith the adult animals. Costlou and Sandeen (1961) found 
chromatophorotropic activity in the eggs of Sesarma reticulatum already 
after eleven days of development. Finally it uas also Costlou (1961), uho 
made the observation that in brachyuran larvae the chromatophorotropins 
shou fluctuations in relation uith the moult cycle of the animal. 
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At the light microscopical level Pyle (1943) obbPrued the sinus gland in 
the third larual stage after hatching in the lobster Homarus amencarus and 
ir the first adult stage of thp crab Pinnotheros maculâtjs. But uc must 
remark that Pyle (lrJ43) had difficulties uith thp rearing of the zoea sta-
ges of the crab Pinnotheres maculatus. So he could not study the stages 
after the first zoea larvae until the first adult stage. Hubschman (1963) 
described the appearance of a sinus gland in thp fifth larvdl stage in the 
shrimp Palaemonetes ьр. Zielhorst and van herp (1976) could distinguish 
the sinus gland in the third larval stage of the crayfish flstacus lepto-
dactylus. Finally it uas Bellon-Humbert et al. (1978), uhm described ir the 
fifth larval stage of the shrimp Palaemon serratus the presence of a sinus 
gland. There exists only one description of the sinus gland at the ultra-
structural level till nou: in 1975 Jacques gave a description of the sinus 
gland in the first larval stage of the Stomatopode S quilla mant-..s. In 1969 
Jacques uas not able to find a sinus gland in the first larval stage of the 
Stomatopoda Lysiosquilla mantis. Squilla mantis and Squilla desmaresti by 
means of the light microscope. Up to nou there is no report about the 
development of the sinus gland in decapod crustaceans at the ultrastructu-
ral level. Therefore the aim of our study uas first to find out in uhich 
stage after hatching ue could distinguish ultrastructurally the presence 
of a sinus gland and second, uhich neurosecretory granule types are present 
during development in the sirus gland of the different larval stages in 
comparison uith adult crayfish. 
Materials and Methods. 
Female crayfish of the species Astacus loptodactylus uith fertilized eggs 
uere obtained from commercial sources. In the laboratory the animals uere 
kept in separated tanks in running tap uater. After hatching the larvae 
uere reared together uith the adult crayfish until tncy detacK from the 
abdomen of the mother. The different stages of the juvenile animals are 
dosenbed in Table I. 
The eyestalks of the juvenile crayfish after hatching until the fourth 
moult (stage l\l) uere removed and fixed in 2.552 glutaraldehyde m C.1 f 
sodium cacodylate buffpr (pri B.O, osmolanty 4Un mosmol.) at 4 С for one 
hour. Sinus glands of juvenile crayfish in stage IV and stuge Ml, uore 
Lissected and fixed in the aforementioned fixation mixturo. Post-fixatл on 
took placo ir 1% osmum tetroxide dissolved in the same buffer solution. 
After dehydration in an ascending series of ethanol concentrations, sinus 
c.ls"ds or eyestalks uere emoedded ι г a mixture Ldoed on Cpon 812. The 
eyeoLalks uere sectioned at 1 ζ о 2 дЛі. These sections uere studieo _nder 
pnasccontrast or after stami g uit" toljidinc blue according to Lynn (1965) 
to localize the region m the eyestalk uhcre the appearance of the sinus 
glare uas expected. Fiom tnis area or from tne sinus glardo of stage II' and 
vi jltratnm sectio-s uere cut uitn с Peicnert ONU 2 ultramicrotame. 
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After poststaining uith uranyl acetate (Uatson, 196Θ) and lead citrate 
(Reynoldo, 1963), the sections uere pxamined in a Philips 201 electron 
microscpo at 60 kV. For quantitative uork the electron microscope uas ca­
librated, using a carbon replica grating grid (2160 lines per mm). 
The diameters of the neurosecretory granules uere calculated from photo­
graphic negatives uith a final magnification of 102.900x. 
The mean diameter and the S.E.fl. of the granule typos uere calculated uith 
a Diehl Algotronic. The data uere submitted to the test of Brounles (1949). 
The tests uere carried out at the 5% level of probability. 
Results. 
The determination of the larval stages, used for the description of the 
ultrastructure of the sinus gland, aro summarized in Table I and are based 
upon the number of moults after hatching in combination uith typical exter­
nal morphological characteristics (see also van Негр and Bellon-Humbert, 
1978). 
Table I. Characterization of consecutive developmental stages of the juve·-
nile crayfish Astacus leptodactylus after hatching, based on external 
morphological features. 
External morphological characteristics Length 
(mm) 
Stage 
number 
Larvae: after hatching, yolk present, cepnalotho-
rax broader and thicker in comparison uith tnc 
abdomen, red chromatophores or the carapax. 
First moult: stalked eyes, red chromatophores 
dominant, green and blue chromatophores present, 11-12 
Second moult: red, uhite, blue and yellou 
chromatophores. 13-14 II 
Third moult: red, yellou and blue chromatophores. 17 III 
Fourth moult: red, yellou and blue chromatophores, 20 IU 
Sixth moult: rod, yellou and blue chromatophores. 2 9-30 VI 
The larval slaçe (L). 
The si-^ LS glare in this stage is rot І Р І Ы Р эу moans cf the lient piicrcs-
cope (Ziplhorst and van '-erp, 1976), At the ultrastructural level ore can 
see a small area, uhich rescmolos a sinus glare and is situated just liko 
the aoult sinus gland dorso-laterally at the transition of the msculla 
exLerna and iiedulla interna. In this гидіоп we could distinguish only one 
type of granules, uith an average diameter of 61 nm (fig.1 and Table II). 
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Ths granules don't shou distinct membranes. The groups of granules are sur-
rounded oy an axon membrane, uhich is not always visible. The axon termi-
nals are surrounded by a basement membrane. This sinus gland region is 
surrounded by cells, but it is not clear whether these cells are glial or 
undifferentiated cells. 
Stage I. 
The area, uhich presumably is a sinus gland, is remarkably increased in 
size, but the cohesion of the tissue seems to be ueak (fig.2). One can dis-
tinguish tho granules in clusters, but these clusters are not always sur-
rounded by a clearly visible axon membrane. Ue could not observe glial 
cells between the granules. The latter are much less fuzzy as during the 
preceding stage (fig.3). The mean diameter of all observed granules is 92 
nm. There is no visible difference in electron density or shape of the 
granules. On the basis of diameters, it was not possible to discern more 
than one type of granules (Table II). 
Stage II. 
In contrast with the preceding stage, the sinus glands row take a more 
distinct shape(fig.4). One can observe the presence of glial cells between 
the neurosecretory granules. As in the preceding stages the neurosecretory 
granules appear in clusters, and occasionally one can observe the presence 
of membranes surrounding the axon terminals (fig,5), On the basis of the 
mean diameters, electron density and shape of the neurosecretory granules 
we could distinguish four different types of axon terminals (figs. 6-9 
and Table II). The mean diameters of the distinguished axon terminal types 
are the same as those of the axon terminals distinguished in the adult 
crayfish (see Chapter I). The average diameter of all observed granules 
was 99 nm. The electron density of three types of neurosecretory granules 
surpasses the density of the neurosecretory granules of the fourth type 
(fig.9). Ue could also observe elongated granules as shown in fig.6. In 
contrast with the frequency percentage of the neurosecretory granule type 
three in adult animals, this granule type represents in this stage about 
76% of the entire granule content. Fxocytosis occurs at this stage, as is 
shown in fig.5. 
Stage III. 
The ultrastructure of the sirus gland in this stage, just after the moult, 
is similar to that of the previous stage.The same four types of neurosecretory 
granules appear (Table II). The average diameter of all observed neurose-
cretory granules is 100 nm. Membranes around the axon terminals are diffi-
cult to distinguish. Again it is type III that makes up the major part of 
the total granulo content (about 70%). 
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Table II. Survey of the different types of neurosecretory granules during 
larval and post-larval development in the sinus gland of the crayfish 
Astacus leptodactylus. 
STAGE 
TYPE II III IU U Mean 
diameter(nm) 
L 
I 
II 
III 
IU 
V/I 
Adult 
100$ 
IOC 
12 
15% 
76% 
70% 
15% 
2A% 
-
-
B% 
1B% 
27% 
22% 
â9% 
-
-
-
-
й2% 
uâ% 
20% 
61 
92 
99 
100 
117 
1?4 
115 
Stage IV. 
In this stage it is possible to locate the sinus gland uithout any diffi-
culty under the dissection microsope. The gland has the typical bluish 
uhite appearance of the sinus gland of adult crayfish. 
Also at the ultrastructural level the sinus gland closely resembles the 
adult gland. It consists of axon terminals, uith many glial cells inbetueen 
Also visible are axons uith microtubules (fig.10). Uithir the axon termi-
nals one can recognize mitochondria. On the basis of diameter, electron 
density and shape of the neurosecretory granules the five neurosecretory 
granule types can already be distinguished like in the adult animals. The 
nourosecretory granules of type I, II and III (figs.11-13) have an electron 
dense core, whereas types IU and U (figs.14 and 15) shou a less electron 
dense core. The frequency distribution of the neurosecretory granules has 
remarkably changed. The granule types I, II and III form 31%, uhereas the 
granule types IU and U make up 69% of the entire granule content in thp 
sinus gland. The mean diameter of all observed neurosecretory granules has 
increased to 117 nm. Axon terminals uith elongated neurosecretory granules, 
as described for the adult crayfish, car be seen. 
Stage UI. 
The ultrastructure of the sinus gland in this stage resembles very much the 
situation in animals in the fourth stage. Again ue car discern five diffe-
rent types of reurosecretory granules on the oasis of diameter, electron 
density and shape of the granules (fig.15). Again the netrosecretory 
granules of the type I, II and III have a more electron dense core than the 
types IU and U. The mean diameter of all observed granules has nou reached 
124 nm. The major part of the entire granulp content is nou made up by the 
type U neurosecretory granules (44%), uhereas type III neurosecretory 
granules nou only forms a part of 24% of the entire granule content. One 
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can see elongated granules uithin the axon terminals. Furthermore axons 
and glial cells are present. As in all preceding stages the membranes sur­
rounding the axon terminals remain scarcely visible. 
Discussion. 
The ultrastructure of the sinus glands of the stage II animals firstly 
resembles the pictures seen in the adult crayfish Astacus leptodactylus 
during thfi postmoult stage. The membranes around the axon terminais are 
not aluays visible, especially in stage L and in stage I of the juvenile 
animals. Difficulties uith the penetration of the fixation liquids in 
the first four stages, especially in the little eyestalks of stage III, 
are also reflected in the preservation of the granules
ς
(e .g. the "fuzzy" 
appearance of the granules in stage L). 
During development of the juvenile animals ue can observe at the ultrastruc­
tural level a change in the composition of the different neurosecretory 
granule types in the sinus gland, uhich is different from the adult animals. 
As is shoun in Table II, ue can observe in the sinus glands of post-larvae 
after the second and third moult the first four neurosecretory granule 
types uhich are also found in adults. But the type III neurosecretory 
granules represent in stage II lb% and in stage III 70% of the entire 
neurosecretory granule content, uhile in the adult crayfish type III only 
takes part of 9% of the entire neurosecretory granule content. In stage IV 
there is a drastic change in the distribution of the neurosecretory gra­
nules in the sinus gland. Nou the types IV and V together reach 69%, 
uhereas type III represents only 15% of the total granule content. The dif­
ferentiation in the neurosecretory granule types is also reflected in the 
augmentation of the moan diameter of all observed neurosecretory granule 
types in the various stages of the juvenile crayfish. 
Of interest in this connexion is, that at the light microscopical level 
the earliest appearance of the sinus gland is the third stage after hat­
ching in the lobster Homarus americanus (Pyle, 1943). The same holds for 
the crayfish Astacus leptodactylus (Zielhorst and van Негр, 1976). Pyle 
(1943) reports that the sinus gland in the third stage after hatching "is 
not very conspicuous as it does not give the typically brilliant acidophi­
lic reaction to acid fuchsin that is found in the adult sinus glands", 
Also in the fourth stage after hatching Pyle (1943) says that the sinus 
gland "still is lacking the brilliant acidophilic reaction one might expectï 
Also Zielhorst and van Негр (1976) state that the developing sinus gland 
become increasingly acidophilic using the alcian blue alcian yellou tech­
nique according to Uendelaar-Bonga (1970). Zielhorst and van Негр (1976) 
found an increase in the colours "vert mousse" and "vert foncé" at the 
turn from the third to the fourth stage in the crayfish Astacus leptodac-
tylus . There is also evidence presented by Keller and Uunderer (1977), that 
the hyperglycemic hormone in the crab Carcinus maenas is by and large an 
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acidic molecule. From quantitative measurements on electropherograms of 
sinus gland extracts Keller (1977) concludes that the hyperglycemic hormone 
accounts for at least 10% of the total sinus gland protein, but it may uell 
amount to 20% or more. It appears from our study that from the beginning 
of stage lU the fiue neurosecretory granulo types as described in the adult 
Astacus leptodactylus are present, uhereas the typos I-IU become visible 
at the onset of stage III, All this could be an indication that the hyper­
glycemic hormone is stored in the neurosecretory granule types IV or V. But 
it is also possible that other hormones, represented by the types IV and V 
neurosecretory granules, contain acidic molecules and thus contribute to 
tha increasing acidophilic staining reaction during development of the 
sinus gland. 
That the type IV or V neurosecretory granules could be involved in the re­
gulation of the glucose level of the hemolymph is in agreement uith the 
assumption of Shivers (1967), that in the sinus gland of the crayfish 
Drconectes nais the larger granules (100-170 nm) are controlling a broader 
spectrum of physiological responses as moult inhibition, ovary size and 
hyperglycemia, uhile the smaller granules (60-100 nm) could bo involved 
in pigment regulation. 
The studies of Broch (i960) in Palaemonetes vulgaris, Costlou (1961) in 
brachyuran larvae and Costlou and Sandecn (1961) in eggs of Sesarma reti-
culatum shou that the regulation of the chromatophores is already effective 
in early stages of development. There is, houever, пэ proof that the sinus 
gland, if present, is already involved in the control of chromatophores in 
these early stages, 
During the development of the crayfish Astacus leptodactylus first tha red 
chromatophores appear in the juvenile crayfish before hatching. These 
chromatophores are still the only ones in the larval stage. Only after the 
first moult green and blue chromatophores appear in the juvenile crayfish, 
The red chromatophores are regulated by the red pigment dispersing hormone. 
As shoun by Broun (1950) in the fiddler crab Ilea puqilator this hormone is 
not only present in the sinus gland, but also in the optic ganglia, brain, 
circumesophageal connectives and thoracic ganglion. Tnis means that the 
chromatophores could be controlled by tissues other than the sinus gland 
in the early stages of development in the oges. 
The present study indicates that the first siens of activity of the sinus 
gland after the second moult (stage II) by the appearance of exocytotic 
figures occur. But one cannot exclude the pobsibility that the sinus gland 
is already active in tne aniñáis in stage I. 
According to Pyle (1943) the sinus gland in the thirc and fourth stage of 
h omarus americanus is rot a functional glann, because of the differences 
found in the staining reaction uith acid fuchsin hetueen juvenile animals 
and adults. Our electron micrographs suggest an activB gland in those 
stages, uhere also Zielhorst and van Негр (1976) found, as Pyle (1943) did, 
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differences in the staining reactions betueen the sinus gland of the juve­
nile and adult crayfish in Astacus leptodactylus. From this ue can drau 
the tentative conclusion that the sinus gland in the crayfish Astacus lep­
todactylus is able to store and release one or more different neurosecre­
tory substances in several stages of development in juvenile animals 
uithout accomplishing the normal complete function as in the adult animals. 
It seems that the sinus gland up to the end of the second stage, and 
perhaps also in the third stage, is storing and releasing mainly the smal­
ler neurosocretory granules, uhich may be controlling the chromatophoric 
activity and perhaps also the ovarian development. The latter assumption 
receives support from Payen (1973), uho found that in the crayfish Pontas-
tacus leptodactylus leptodactylus sexual differentiation occurs in the 
third larval stage, uhich corresponds uith stage II of Astacus leptodacty­
lus. The larger neurosecretory granules , in agreement uith the assumption 
of Shivers (1967), uould control other physiological processes, uhich 
could be related uith a change in the mode of life of the juvenile animals 
(e.g. moult, glycemia). 
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Fig.1. Part of the sinus gland during stage L. Note the "fuzzy" appearance 
of the granules (ng). χ 49.000 
Fig.2. General uieu of the sinus gland ir stago I. (h: hemolymph, at: axon 
terminal ). x11 .400 
Fig.3. Detail of the neurosecretory granules in stage Ι. χ ЗО.ЗВП 
Fig.4. General vieu of part of the sinus gland in the juvenile crayfish 
in stage II. (ng: neurosecretory granules), χ В.775 
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Fig.5. Axon terminal (at) of the sinus gland in stage II, shouing oxocyto-
tic figures (arrous), (bm: basement membrane, h: hemolymph). χ 3Ü.3BQ 
Fig.6 -Fig.9. Different granule types in stage II and stage III. 
Fig.6. Granule type I, χ 28.520 
Fig.7. Granule type II. χ 30.380 
Fig.8. Granule type III. χ 3Ü.3BQ 
Fig.9. Granule type IU. χ 30.380 
Fig.10. General vieu of the sinus gland in the juvenile crayfish in stage 
IU. Axon terminals uith the smaller types are characterized by the more 
dense core of the neurosecretory granules, (h: hemolymph, at: axon terminaj) 
χ 5.17b 
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Fig. 11 .-Fig. 1 5. Ths five neurosecretory granule types present in the sinus 
glands of the juvenile crayfish in s'tage IU and &tage UI, 
Fig.11. Granule type Ι. χ 26.46U 
Fig.12. Granule type II. χ 26.460 
Fig.13. Granule type III. χ ?6.460 
Fig.14. Granule type IV/. χ 26.460 
Fig.15. Granule type V. χ 26.460 
Fig.16. Part of the sinus gland in stage VI, shouing different neurosecre­
tory granule types, (h: hemolymph, mt: Tiicrotubules) . χ 20. С0 
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II/. DIURNAL RHYTHHICITY IN THE NEUROSECRETORY ACTIVITY OF THE SINUS GLAND 
IN THE CRAYFISH ASTACUS LEPTDDACTYLUS DURIMG THE INTERHOULT PERIOD. 
во 
Introduction. 
The exictcrce of diurnal rhythms has been demonstrated by many investiga-
tors for a large number of classes of the animal kingdom. 
Also in Crustacea the tuenty-four hour rhythms haven beer intensively inves-
tigated, especially in metabolism and locomotor activity, external factors, 
such as solar and lunar rhythms, light intensity and temperature (see Broun, 
1^ 61 and Aiken, 1969), influence the endogenous rhythms in Crustacea. 
The sinus gland is a possible modulator of endogpnous rhythms. Aréchiga 
(1977) states that "all thn neural structures knoun to display rhythmicity 
aro subjectpd to the modulatory influence of the hormonal release from the 
sinus gland". In the opinion of this author tho release of neurosecretory 
products by the sinus gland can be considered as thp synchronizing influence 
but not as the only cause of endogenous rhythmicity. 
At least six different npurosecretory substances are stored in and released 
from the sinus gland (see revieu of Kleinholz, 1976). In addition Aréchiga 
et al. (1977) could demónstrate tho presence of a neurodepressing hormone 
in the sinus gland of the crayfish Procambarus bouvien. 
It is indicatpd by physiological investigations, that the release of some 
of these hormones present in the sinus gland is subjected to diurnal varia-
tions. 
In 1974 Hamann described in the crayfish Orconectes limosus a diurnal rhythm 
in the glucose level of tho hcmolymph uith a maximum value during the dark 
period from 11.DÜ Ρ.ΓΊ. to 3.D0 А.П. One ueek after extirpation of the sinus 
gland the diurnal rhythm in the glucose level in the hcmolymph had disap­
peared. Shifts in the light/dark periods also caused shifts in thp glucose 
peak of the hemolymph. In constant darkness thp rhythm in the glucose level 
of the hemolymph decreaspd strongly and completely disappeared aftor five 
ueeks. Hamann thought that the glucose rhythm of the homolymph is regulated 
by the optic ganglia, though he did not exclude the possibility that the 
eyestalk complex could be stimulated hormorally by a pacemaker elsewhere. 
Diurnal rhythmicity uas also shoun in thp case of the chromatophorotropins. 
Gamble and Keeble (1900) uere the first to describe a diurnal rhythm of 
color change in the praun Hippolyte varians. Kalmus (1938a) dpmonstrated 
that the diurnal rhythm of color change uas rompletely abolished by eye-
stalk removal in the crayfish Putamobius astacus. Tho same author also 
shoued that continuous darkness results in an incrpaspd pigment concpntra-
tion, but that under thpsp conditions the diurnal rhythm in color change 
pprsists for ueekb. Contrastingly, continuous illumination causes a disper­
sion of the chromatophorcs and distbrbs the diurnal rhythm. Lnami (1941) 
domorstratcd η the Isopod Ligia exotica that thp dispersion of the dark 
pigmpnt uas louest at miringht. In the fiddler crab Lea puqnax the red 
pigment is more concentrated during the nic,ht Lhar at daytimo (Proun, 1950). 
Humbert (1965) oooeived m the shrimp Palaomor serratus diurnal rhythmicity 
in the extent of dispersion of the red and yellou chromatophores. In addi-
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tion she shoued that extirpation of the sinus gland immediately produces 
a disturbane? of the diurnal rhythm of color change. 
The first report of diurnal rhythmicity in the distal retinal pigment mi­
gration is from Uelsn (1930) In the shrimps Wacrobrachium olfersn and 
Hacrobrachium acanthurus. In the follouing years many inuestigators reported 
on diurnal rhythms in the distal and proximal retinal pigment migration for 
almost all the subclasses of Crustacea (see ге іеы of Broun, 1961). 
Aréchiga and Ciena (1975) could separate by Polyacrylamide disc electropho-
resis a protein fraction containing distal pigment light-adaptirg hormone, 
Densitometrie measurements of the stained gel indicate a decline of the 
distal pigment light-adapting hormone uith a minimum at midnight. This 
change іч in accordance uith the position of the retinal pigment at dif­
ferent parts of the day in the eyestalks of the crayfish Procambarus 
bouuicn. 
The pxistence of a diurnal locomotor activity cycle uas described for the 
first time by Kalmus (1938b). The crayfish Potamobius astacus is active 
only at night, even uhen kept for several ueeks in constant darkness. 
Removing of the oyestalks resulted in a reduction of the diurnal activity 
cycle in Potamobius astacus. In contrast uith this are the results of 
Roberts (1942) in Drconeetes vinlis and of Schallek (1942) in Procambarus 
clarku and Cambarus dioqenes. These investigators found after eyestalk 
removal an increase in locomotor activity of the crayfish. Similar obser­
vations uere made by Eduards (1950) in Uca puqilator and by Maylor and 
Uilliamb (1968) in Carcirus maenas, All these data led to the assumption 
that a hormonal factor from the eyestalks has a depressing influence or the 
locomotor activity. 
The aim of this study uas to follou the variations in the ultrastructure 
of the sinus gland of Astacus leptodactylus during the day and night cycle 
and to correlate these changes uith uell-knoun phy&iological conditions 
such as the glucose level in the hemolymph. 
Material and methods. 
Adult, male crayfish of the species Astacus leptodactylus uere kept sepa­
rately in tanks in running tap uater of about 15 C. The animals uere in 
the intermoult stage(Drach, 1944). Before the experiments started the 
animals uere kept for at least tuo ueeks in a constant light/darkness cycle 
of twelve hours light from 9.00 А.П. until 9.00 P.M. (intensity of illumi­
nation 200-250 lux). The experiment uas done tuice. The results of each 
sampling point are based on ten crayfish. 
Determination of the blood glucose level. 
At each sampling point 50 ^ 1 of hemolymph uas draun in a calibrated capil­
lary pipet which uas inserted between coxa and basis of the left cheliped. 
From each animal sampling was done in duplicato. The blood glucose level was 
determined with glucose-oxidase and peroxidase (Test Kombination of 
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Boehringer), using a continuous flou autoanalyzñr (Tecbnicon). The mean 
values of the readings uero calculated uith an IML ,B6S calculator. All data 
uere suL^itted to a Student T-test, at the 5% level of probabilityJtuo-sided 
Electron microscopy, 
Preparation of sinus glands for electron microscopy and calculation of the 
diameters of the neurosecretory granules uere performed as described in 
Chapter II. The neurosecretory activity of the sinus gland uas measured by 
counting the number of exocytoses, omoga-like figurps and clear vesicles 
per unit of length of the axonal membranes. The length of the axonal mem-
branes uas measured by using a curvimeter or the "Hanuell Optisches Bild-
analysensystem" applied to photographs uith a final magnification of 42.320. 
The data uere statistically tested by means of an IME B63 calculator. The 
data uere submitted to a Student T-test (b% level of probability; tuo-sided). 
Results. 
Variations in the blood olucose level. 
The blood glucose level clearly shous diurnal rhythmicity in a light/dark-
ness period. During the dark period the blood glucose reaches higher values 
than during the light period. There is an increase of the blood glucose 
level from 10.00 P.M., uhich ends in a significant maximum value at midnight 
(fig.l). In the remaining dark period a higher value of the blood glucose 
level is maintained until 6.00 A.M. During the period of light there are 
indications for a second maximum one hour after the lights are suitched on. 
Houever this second maximum, although invariably found, is never statisti-
cally significant. 
Ultrastructural observations. 
To estimate the release of the neurosecretory products from the different 
axon terminals present in the sinus gland, ue counted the number of exocy-
totic profiles, the number of clear vesicles and the number of omega-like 
indentations in those axon terminals, uhich aro in close vicinity of the 
hemolymph. 
During the day/night cycle the axon terminals of the neurosecretory granule 
type I (mean fi 68 nm), II (81 nm) and III (100 nm) do not shou statistically 
significant differences in the release activity as judged by the number of 
exocytotic profiles or omega-like membrane indentations (Table ι and figs. 
2 and 3). 
Also the number of clear vesicles present in the axon terminals of the 
neurosecretory granule typos I and III does not give an indication of a 
higher release activity in thrse neurosecretory granule types (Table 1 and 
fig.3) . 
The neurosecretory granules of typo II shou a maximum value in the number 
of clear vesicles present in the axon terminals at 8.00 P.M. (fig.2). Clear 
vesicles are alusys present in the area of the axon terminal bordering the 
hemolymph (fig.8). Hcuever this maximum is statistically not significant 
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Fig.1. Variations in the moan glucose value in the hemolymph during a 24 hr, 
poriod. Means (+ ShП) of 10 animals. 
uith respect to the 6.DG P.П. value, but significant if compared to the 
11.00 P.M. value. 
The type IV (112 nm) and V (135 nm) neurosecretory granules shou a signi­
ficant burst of exocytosis at the transition from lignt to darkness at 
9.00 Р.П. and 10.00 P.П. (figs. 4, 5 and 9). One can also observe a statis­
tically significant augmentation in the number of exocytosis of these 
Table 1. Variations in the numoors of exocytosis, incentations and clear 
vesicles per 5 /jm of axonal membrane length during a 24 hr. pEriod for the 
axon terminals of the type I. Clean values + SEM. Not measured sample points 
are indicated by n. 
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0 
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π 
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5+2 
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0 
η 
0 
0 
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0 
clear vesicles 
22.5+22.0 
43.C+40.0 
0 
η 
12 6.0+120.0 
η 
65.5+62.0 
59.5+12.0 
Γ 
0 
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Fig.2. Uariation of numbers of exocytosis, mdertatiors and clear vesicles 
per 5 ¿im of axoral memorane lorgth during a Ih hi. period for the axon 
terminals of the type II. dean values of five animals. ThP vertical bars 
represent SI-ΓΊ. Not measured ьаглріе points are indicated by n. 
npurospcrptory granule types at the end of the dark ptnod at 8.00 A.CI. 
(fiqs. 4, 5 and б). During the light period there aro always some exocy-
totic profilos in the axon ternirais of the typp IV and V neurosecretory 
granbles (fig. 7). But tnp тірап runbpr of these profiles is louer during 
the light than dunne the dark pencd (fias. 4 and 5). Dunrg the dark 
period, at 11.00 P.П., the numocr of neurosecretory granulos per unit of 
surface in the axon terminals is slightly louer, а^ is shoun η fig. 10. 
The numbers of omega-like membrane indentations of the neurosecretory 
granule typos IV and V axon tsiminals do not differ significantly. There 
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Fig.3. Variations in the numbers of exocytotic profiles, indentations and 
clear vesicles per 5 ,um of axonal membrane length during a 24 hr. period 
for the axon terminals of the type III. Mean values of five animals. The 
vertical bars represent SEM. Not measured sample points are indicated by n. 
is one minor peak at 8.00 A.M. for the neurosecretory granule type IV 
(fig.4). The neurosecretory granules of the type V shou tuo minor peaks at 
8.00 A.M. and 11.00 P.M. (fig.5). These tuo peaks are concurrent uith the 
tuo maxima observed in the exocytotic profiles of the types IV and V neuro-
secretory granules. 
The number of clear vesicles per unit of length in the axon terminals of 
the type IV shous a significant difference betuccn 2.00 P.M. and 4.00 P.M. 
during the light period and also between 12.00 P.M. and 2.00 A.M. in the 
dark period (fig,4). So at the end of the light period and at the beginning 
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Fig.4. Uariatior of numbers of exocytosis, irdentations and clear vcsicl 
per 5 ^ JTI of axonal membrane length during a 24 hr. period for the axon 
terminals of the type IV. Plean ualues of five animals. The vertical bars 
represent the SEM. Significant differences (P<0.05) are indicated by S. 
of the dark period there is an augmentation in the number of clear vesic 
per unit cf length of the axon terminal me-norane. The type \! axon termir 
shou no difference in the nunber of the cl = ar uesicles (fie,5). 
At 2.DD A.N. ano 4.CO A.d. tubular structures aro uisible (fig.11). Thes 
could possibly originate from the clear vesicles. Thnsn clear vesiclas 
dissociate from the axonal membrane after exocytosis and are reutilized 
for the storage and release of the neurosecretory products. 
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Fig.5. Variation of numbers of exocytosis, indentations and clear vesicles 
per 5 ¿jm of axonal membrane length during a 24 hr. period for the axon 
terminals of the type \l. Mean values of five animals. The vertical bars 
represent the ΞΕΠ. Significant differences (PO.05) are indicated by s. 
Discussion, 
It is evident that the reloase of neurosecretory granules from axon types 
IV and V shous a diurnal rhythn, Uc could observe tuo peaks of release 
for both types. In this connexion, the variation in tho glucose level uith 
a maximal value during the night is interesting. This glucose maximum is 
in agreement uith tho observations of Hamann (1974) in the crayfish 
•rconectos limosus. Дп interesting feature is the time-interval of about 
2-3 hours botueen the peak of exocytotic profiles in the neurosecretory 
granule types IV and V and the maximum value of glucose in the hemolymph. 
зе 
Injection of purified hyperglycemic horirone in the crayfish Astacus lepto-
dactylus and the praun Palaemon serratus causes a rise in the glucose level 
in the hemolymph, attaining a maximum value tuo hours after the injection 
(van Негр, personal communication). Furthermore, if sinus gland homogenates 
are quantitatively analysed by Polyacrylamide gradient gel electrophoresis 
in microgels, scanning of the protein profile indicates a decline of the 
hyperglycemic hormone fraction uith a minimum value at 10.00 P.CI. and 11.0Ü 
P.M. (Strolenberg at al., 1Э7 ). As is shoun in fig.10, the number of neuro­
secretory granules per unit of surface in the axon terminals seems to be 
louer at that time. This indicates that the hyperglycemic hormone is located 
in the neurosecretory granule types IV er I/ of the sinus gland, 
In the course of our investigation ue noticed that in Astacus leptodactylus 
the position of the retinal pigment reached the dark adapted state half 
an hour after the transition from light to darkness, suggesting that the 
dark-adapting hormone of the distal retinal pigment is released promptly 
at the onset of darkness, Ue can not exclude the possibility that also the 
dark-adapting hormone is present in the axon terminals of the types IV and 
V. 
At the transition from darkness to light ue found a secondary peak of exo-
cytotic profiles for the neurosecretory granule types IV and V at 8,00 A.M. 
In addition ue observed a rise of the glucose level in the hemolymph at 
10.00 А.П. However, this rise, although always present, was never signi­
ficant . 
Arlchiga et al, (1977) isolated from the sinus gland of the crayfish Procam-
barus bouvieri a peptidergic substance of lou molecular ueight, uhich 
depresses the spontaneous electrical activity of motor neurons in the 
abdominal ganglia. According to the same authors the neurodepressing hormone 
is released by the uay of execytosis after electrical stimulation of iso­
lated sinus glands, or by incubation of the glands in potassium rich 
solutions. Furthermore they postulate that this hormone is involved in long 
term modulation of excitability in the nervous system, especially in 
relation uith the diurnal activity cycle. Our opinion is, that if the neuro­
depressing hormone is present in the sinus gland of Astacus leptodactylus, 
then it would very probably be released at the transition from darkness to 
light, since Astacus leptodactylus is locomotory active during the night, 
Another hormone uhich is possibly released at the same time is the light 
adapting hormone of the distal retinal pigment. 
Ue conclude therefore that the peak of exocytotic profiles in the neuro­
secretory granules of the types IV and V reflects the release of several 
neurosecretory substances. The possibility remains however that one neuro­
secretory substance can perform more than one function. It is further 
assumed, that especially the neurosecretory granulos of the types IV and V 
are involved in tho regulation of physiological processes characterized by 
a diurnal rhythmicity. 
During the diurnal rhythm the neurosecretory granule types I, II or III do 
НУ 
not shou any statistically signifiuant changp in the number of exocytotic 
profiles or membrane indentations. Only the type II neurosecretory granules 
shou a rise in the number of clear vesicles at 8.00 P.14. The function of 
the neurosecretory granules of the types I, II or III is unknoun. Hisano 
(1978) suggests, that the tuo typos of neurosecretory granules uith mean 
diameters of 70 and 80 rm, in the sinus gland of the praun Palaemon 
paucidE.ns correspond to the monoamine-containing Б-fibers of Knoules (1967). 
Thus ue cannot exclude the possibility that aminergic products also occur 
in the sinus gland of the crayfish. 
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Fig.6. Part of an axon terminal of the type \1 neurosecretory granules in the 
sinus gland at 8.00 Ά.fi., shouing release of the neurosecretory substances 
by exocytosis (arrous). Hemolymph (h); basempnt membrane (bm); fibrils (f). 
χ 53.360. 
Fig.7. During the louer actiup period, at 2.00 P.M., ОПР can occasionally 
obserue exocytotic profiles (arrou). Axon terminal type V. Hemolympr (h); 
basement membrane (Ьті); glial cell (gc). χ 42.340. 
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Fig.θ. Several axon terminals of the type II axons at B.QO P.M. show clear 
vesicles (cv) in the region of the axon terminal bordering the hemolymph 
(h). Basement membrane (bm); fibrils (f). χ 60.760. 
Fig.9. Type \l axon terminal at 10.00 P.П., one hour after the end of the 
light period, shouing exocytotic figures (arrous). Hemolymph (h); basement 
membrane (bm). χ 50.960 
94 
***** — & 
.-S-'» 
'-•Al 
Х ^ } • 
< ì _ 
•A ) ' ' Л ^^o 
С 
bí* 
9 5 
Fig.10. Part of the sinus gland at 11.00 P.M. Notice the louer number of 
neurosecretory granules in the type \1 axon terminal. Hemolymph (h); base­
ment membrane (bm). χ 33.800. 
Fig.11. Part of the sinus gland at 4.00 A.1*1. Kote the presence of tubular 
structures (arrou). Hemolymph (h) ; basement membrane (bm); glial cell (gc), 
χ 43.240. 
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U. MQRPHOLDGICAL AND PHYSIOLOGICAL FUIDENCL FOR A ROLE OF BIOGENIC ANIÑES 
AND CYCLIC NUCLEOTIDES IN THE RELEASE OF NEURCSECRETORY PRODUCTS FRON THE 
SINUS GLAND CF THE CRAYFISH ASTACUS LEPTCDACTYLUS. 
99 
100 
Introduction. 
This study uas aimed to examine the possible role of biogenic amines and 
cyclic nucleotides in the release of neurosecretory substances from the 
sinus gland of the crayfish Astacus leptodactylus. 
As already mentioned before at least six different neurosecretory substances 
are stored in and released from the sinus gland (see reuieu of Kleinholz, 
1976). In the last ten years it became apparent that these neurosecretory 
substances are of peptidergic nature. In contrast uith this are the obser-
vations of Soyez and Kleinholz (1977), uho identified a moult inhibiting 
factor of Orchestia traskiana as an indole alkylamine. The presence of 
biogenic amines is described for several groups of Decapoda Crustacea. 
Elofsson et al. (1966) in Astacus astacus, Elcfsson and Klemm (1972) in 
Leander fabricii and other Crustacea, and Goldstone and Cooke (1972) in 
Carcinus maenas localized the presence of biogenic amines in the eyestalks 
by means of fluorescence microscopy. 
There are some indications that biogenic amines are involved in the control 
of tho release of peptidergic substances from the sinus glands in Crustacea. 
Bauchau and Hengeot (1966) observed hyperglycemia in Carcinus maenas after 
injection of serotonir. Physiological investigations of Keller and Beyer 
(1968) showed that hyperglycemia, caused by injection of biogenic amines 
(e.g. serotonin), is possibly caused by the release of hyperglycemic hor-
mone from the sinus glands in the crayfish Orconectes limosus. 
Fingerman and Fingerman (1977a) have suggested that serotonin controls the 
release of the red pigment-dispersing hormone in the fiddler crab Uca pugi-
lator, uhereas dopamine may regulate the release of the red pigment-concen-
trating hormone (Fingerman and Fingerman, 1977b) in the same species. 
In an ultrastructural study Hisano (lrJ7B) observed the presence of synaptic 
junctions in the sinus gland of the freshuater praun Palaemon paucidens. 
This author suggests that monoamine containing fibers are involved in the 
control of the release of neurosecretory substances in the sinus gland of 
Palaemon pauc idens . 
In connexion uith influence of biogenic amines, the action of cyclic nucleo-
tides is of interest (see also Rasmussen and Goodman, 1975). Spindler et al. 
(1976) observed that injections of cyclic nucleotides in the crayfish 
Orconectes limosus and in the fiddler crab Uca puqilator caused an increase 
in tho blood glucose level. It is suggested that this hyperglycemic effect 
is essentially due to an increased release of hyperglycemic hormone from 
the sinus gland, a phenomenon that must be ascribed to the injections of 
cyclic nucleotides. 
Material and Tethods. 
Histochemical invostiqations . 
To detect biogenic amines at the morphological level of the eyestalk struc-
tLrcs, the follouing methods uere applied : 
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Fluorescence microscopy. 
To study the presence of monoaminergic compounds ir the eyestalks and 
extirpated sinus glards of fistacjs loptodactylus, ue used the Falck-Hillarp 
method (Falck, 1962; Falck and Ouman, 1965; Corrodi and Gonsson, 1967). 
The tissues uere frozen in isopentane, cooled uith liquid nitrogen at 
-150 C. The tissues were subsequently freeze dried during fiue days. Thp 
Falck reaction uas performed uith puluenzed paraformaldehyde (relative 
humidities: 30%, 50% and 10%) during one or three hours at B0oC. After em­
bedding in paraplast, 7 ^ jm sections uere made, uhich uero examined in a 
Leitz Orthoplan fluorescence microscope, equipped uith a HB0-100 high pres­
sure mercury lamp, uith excitation filter BG-3 and interference filter S405. 
As barrier filters ue used а К 46C, К 510 or the interference filter Al 526. 
The specificity of thp fluorescence uas tested uith 0.1% Ka3H
n
 dissolved in 
90% ethanol (Corrodi et al., 1964). 
Electron microscopy. 
To demonstrate the presence of monoamires, the snus glands UPTP fixed for 
one hour in 1% potassium permanganate in 0.1 fl sodium cacodylate auffpr 
(pH 7.0) (H'dkfelt and Jonsson, 195B). After dehydration in ethanol, the 
material uas embedded in a mixture based on Lpon B12. 
Physiological and morphomptncal investigations. 
Adult male crayfish of the species Astacus leptodactylus uere kept in 
separated tanks in running tap uatcr at about 15 C. The crayfish uere in the 
intermoult stage (Orach, 1944). During one ueek previous to thp pxpenments 
the animals uere not fed. 
bio-assay. 
Oio-assays uere carried nut as follous. Immediately before njpction (pre-
injection value) 50 ^ 1 of hemelymph uas draun in a calibrated capillary 
pipet, uhich uas inserted betueen the coxa and the oasis of tío loft cheli-
ped. From each animal sampling uas done in duplicate. The test sample uas 
injected betueen the coxa and the basis of the right cheliped. At given 
times after injection, other blood samples uere taken (post-injection value) 
Sampling uas done in duplicatp. After deproteimsation the blood glucose 
level uas measured as described in Chapter IV. 
The mean values of the readings uere calculated uith a IME B6S calculator. 
All data uere submitted to a Student T-test, at the 5% levpl of probability. 
All crayfish uere injected betueen 10.00 and 12.00 A.n. The last sampling 
of the hemolymph uas done before 4.00 P.!"1. 
The follouing solLtions UPTP injected: 
-C.6 /.g 5-hyûroxytryptamire-creatire SLlphate η 0.1 ml of physiologic 
salire solution for crayfish after van Harrevpld, according to Andreus 
(1J67); 
-2 5 mc dibutyryl-aderosine-3:S-mmnpnesphatp, cyclic (d-сАГР) ir G.I ml 
physiologic saline boltLior. 
Tnc control animals ueie injected uitn 0.1 ml physiologie, saline solution. 
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["lorph^ j-ctrical elpctrop тіісгоьсору. 
Preparation of tne sinub çlards for elöotron microscopy, calculation of the 
diametsT-b of tie reLrosecretor/ granulbo dnd ncasuring of the neurosecreto-
ry activity of the snu& glands uas performed as descrned in Cnapte'S II 
and IV . The data uere supmitted to a Sturipnt T-tbbt (5% leuel of prooabi-
lity ; tuo-sided). 
Results. 
Histocnemical investigations. 
Fluorebcence microscopy. 
The different ganglia in the eyestalks uore uery uell identifiable in the 
fluorescence microscope. Unly the lamina ganglionans, the most distally 
located ganglion, shouod no fluorpsrpnt components. The second ganglion, 
the medulla externa, had thrpp fluorescent layers (fig.l), uith the thickest 
layer located in the most distal part of tho ganglion. In the medulla 
interna ue observed tuo layers uhich uerp upll identifiable and three other 
layers uhich shoued much less fluoresrpnce (fiq.l). The medulla termmalis 
contained a numoer of fluorescent fures. Fluorescent substances occurred 
also in the neruus opticus (fig.2). Dosides thp fluorescent layers in the 
different ganglia, ue observed thrpp différent types of fluorescent cells 
η t"e surrcjndirg tissue of tie ganglia. The cell bodies of type Ι (Ρις.3) 
uere scattered in ana around the lamina ganrllonaris, the medulla externa 
arc the meaulla interna. These penkarya иьгь usually found isolated or in 
groupe cf tuo or three cells. The cytoplasm o p tnis cell type snoued a 
coarse granular texttre. The Tiedn cia-nctor of CPII type I uas 15 /jm. The 
type II CPII todies (fig.4) uere located drrso-laterally at the transition 
of the rredulla exterra and nedulla interna, η clusters of about ten cells. 
The cytoplasm of thpsp cells snoued a Γι ie giarular texture. This cell type 
had a diameter of 20-40 /jm. The third cell type (fig.5) uas distinguished 
vpntrally of the lamina ganglionans and the medulla interna. These cell 
bodies, uith an average diametpr of 10 ,um, ь\ oued a fine granular texture 
in the cytoplasm. 
Thprp are some indications that thp presene? of the different cell types is 
subjected to an annual rhythmicity. Fluorescence in cell type I uas only 
observed in the summer, coll type II in the uintor and spring, and cell 
type III only ir autumn and uintcr. 
In the sinus gland ue never ooserved the presence of fluorescent substances. 
Treatment of tne tissues uith IVaДЧ. leoulted in the quenching of the fluo-
rpsce"ce cf the aforementioned substance0. 
Ilectron microscopy. 
Fixation of ειη_ε qlands uitn i<ilnt). resulted m differences in che electron 
density of the neurosec-etory graneles. Ue observed plectrcn dense ipurcse-
cretory granules i·- some axcr ter-ninals nf the types II, III, IV' and V . 
It is Lcrth mentioning, that ail zi~e neurosecreLory granules uit~in one axon 
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terminal give an electron dense reaction product uith KMnO. (fig.6). 
Physiological and morphological investigations. 
After injection of serotonin there appeared an augmentation of the glucose 
level in the hcmolymph as is shoun in Table I. The increase of the glucose 
content of the hemolymph was variable, depending on the season in uhich 
the experiments ыеге donp (Tabic I ) . Injections of serotonin in eyestalkless 
animals gave much less increase of the glucose level in the homolymph as 
in intact animals (Tabic I ) . This increase uas sometimes significant in 
comparison uith the control animals (Tables I and III). 
Animals injected uitn physiological saline (controls) shoucd sometimes 
significant rises of tho glucose level (Table III). 
At the ultrastructural level ue found no differences in the number of exo-
cytotic profiles, membrane indentations and clear vesicles for the neuro­
secretory granule types 1,11 and III betueen experimental and control animals 
(Tables IV, V and VI). Чоие ег, there are indications for a peak in exocy-
Table I. 
Changes in the glucose level of the Tiemolymph of the crayfish Astacus 
leptodactylus after injection of serotonin. 
Intact animals. 
Experiment in March, 
Time of incubation. 
30 min. 
2 hrs. 
4 hrs. 
6 hrs. 
Пеап value of glucose (mg/lOOml), 
pre-irjection post-irjeetion 
0.7+0.3 
5.5+1.0 
1.1+0.1 
1.4+0.2 
7.7+3.3 
13.7+1.0 
12.8+1.3 
13.b+1.0 
Experiment in December. 
1 hr. 
2 hrs. 
4 hrs. 
7.0+3.1 
В.0+4.2 
2.1+0.4 
37.3+ 7.!) 
39.4+13.8 
71.7+10.0 
Eyestalkless animals. 
Experiment in ПУСПГЛЬРГ. 
1 nr. 
2 hrs. 
4 hrs . 
1.4+С.Э 
4.5+1.0 
1.2+C.6 
d.v + i . 9 
1J.2+C.ri 
3.5+3.5 
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Table II. 
Changes in the glucose leuel in the hemolymph of the crayfish Astacus 
Isptodactylus after injection of d-cAMP. 
Intact animals. 
Experiment in December, 
Time of incubation. 
1 hr. 
2 hrs. 
4 hrs. 
П ап value of glucose (mg/100ml), 
pre-injection post-injection 
5.4+1.5 19.5+7.2 
4.3 + 1 .8 26.9+ 7.0 
7.5+1.6 53.4 + 17.θ 
Eyestalkless animals. 
Experiment in December, 
1 hr. 
2 hrs, 
4 hrs. 
2.1+0.2 
2.5+0.1 
1.7 + 1 .0 
5.6+0.9 
B.1+0.3 
3.0+2.0 
Table III. 
Changes in the glucose leuel of the hemolymph of the crayfish Astacus 
leptodactylus after injection uith physiological salino. 
Intact animals. 
Experiment in ñarch, 
Time of incubation. 
30 min. 
2 hrs. 
4 hrs. 
6 hrs. 
Mean value of glucose (mg/l00ml), 
pre-injection post-injection 
2.6+0.3 
4.0+0.9 
3.2+0.5 
3.0+0.2 
4.7 + 0.В 
7.5+1.1 
4.1+0.7 
3.3+0.5 
Experiment in December, 
1 hr. 
2 hrs. 
4 hrs. 
1 .1+0.9 
C. 7 + 0.3 
3.C+1.0 
1.7+0.6 
5.7+0.4 
9.1+1.0 
Eyestalkless cravfish. 
Experiment in Decomber, 
1 hr. 
2 hrs. 
4 hrs. 
1.9+0.2 
2.4+0.3 
1.7+0.2 
3.2+C.5 
5.3+L.8 
4.9+0.6 
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ТаЬІР lU. Variations in some гсіеаье paiamettrs of the axon tprminals of 
neurobecretory granLle type I, after injection of börotorin, гі-сД^Р and 
phyDlological saline. Indicated is the number of release actiuititìs in 5 ¿im 
of axon terminal membrane. Mon-medi>Lred samplp points aro indicated by n. 
rumbpr 
of 
time 
exocytosis indentations clear ucsicles 
After injection of serotonin. 
1 hr. η 
2 hrs. 3 
à hrs. 0 
After injection of d-cATP. 
1 hr. 0 
2 hrs. η 
4 hrs. 0 
After injection of physiological saline. 
1 hr. 0 0 
2 hrs. 0 Π 
4 hrs. 0 Π 
г 
С 
1.1+0.7 
1.7+1.D 
η 
О 
110.8+73.6 
74.7+32.7 
22.0+16.4 
4 7.5+36.0 
48.3+45.0 
78.6+76.2 
33.5+33.5 
Tabic V. Variations in some release parameters of the axon terminals of 
npurosecrctory granule type II, after injection of berotonin, d-cACIP and 
physiological saline. Indicated is the number of release activities in 5 ,um 
of axon terminal membrane. Mon-measured sample points are indicated by n. 
number 
of 
time 
exocytosis indentations clear uesicles 
After injection of serotonin. 
1 hr. С 0 
2 hrs. 0 0 
4 hrs. O.e+C.7 Г 
Aftpr injection of G-cAfiP. 
1 hr. 0.4+0.3 0.4+0.4 
2 hrs. 0 J 
4 hrs. С 3 
After injpction of physiological saline. 
1 hr. π η 
2 hrs. 0 Э 
4 hrs. 0 U 
74.3+53.? 
362.b+354.5 
114.9+94.4 
15 . 0 + 10.a 
24. 1 + 13.5 
33.1+25.7 
η 
19.B+ 6.3 
61 .0 + 53.5 
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Table UI. Variations in some release parameters of the axon terminals of 
neurosecretory granule type III, after injection of serotonin, d-cAHP and 
physiological saline. Indicated is the number of release activities in 5 ^um 
of axon terminal membrane. Mon-measured sample points are indicated by n. 
number 
of 
time 
exocytosis indentations clear uesiclos 
After injection of serotonin. 
1 hr. η 
2 hrs. 4.2+4.Q 
4 hrs. 3.9+2.3 
After injection of d-cAPIP. 
1 hr. 1.5+1.4 
2 hrs, η 
4 hrs. 0 
After injection of physiological saline 
1 hr. D 
2 hrs. 0 0.9+0.7 
4 hrs. 1.2+1.0 0 
1.4+1.4 
2.0+1.6 
0 
η 
0 
0 
8.4+8.4 
93.5+6 8.5 
97.0+49.2 
η 
13.0+13.0 
62.0+5B.4 
53.9+20.7 
37.0+37.0 
totic profiles for the type III neurosecretory granulps tuo and four hours 
after injection of serotonin (Table UI and fig.7). This peak uas acsert in 
the controls. It uas, however, not statistically significant. 
The neurosecretory granule types IV and V shoued a statistically signifi­
cant rise in the number of exocytotic profiles in comparison uith the 
control animals (see Text-figs.1 and 2 and fig.θ). The number of the mem­
brane indentations and the clear vesicles shoued less changes (Text-figs.1 
and 2) . 
After injection of serotonin ue observed differences in the electron density 
of the neurosecretory granules uithin one axon terminal (fig.9). 
Already tuo hours after injection tubular structures appeared in the axon 
terminals of the type IV and V (fig.10), As mentioned in Chapter IV those 
tubular structures are thought to arise from clear vesicles. 
Follouing injection of d-cAHP there uas a considerable increasp in the 
glucose level of the hemolymph in comparison uith the control animals 
(Tables II and III). Eyestalkless crayfish shoued sometimes a significant 
rise in the glucose level after injection of d-cAÏÏP. Ilouever the increase 
in eyestalkless animals uas less than that observed in intact animals 
(Tables II and III). 
A significant rise in the number of exocytotic proTiles for the neurosecre-
tory granules of the types IV and V uas seen after injection of d-cAMP 
(Text-figs.1 and 2 and fig.11). 
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Text-fig.1. Variations in some release parameters of the axon terminals of 
the neurosecretory granule type IV/, after injection of serotonin, d-cAÏÏP 
and physiological saline. Indicated is the number of release parameters in 
5 jjm of the axon terminal membrane. Statistically significant differences 
are marked by s, 
The number of membrane indentationo shoued less changes (Text-fig.1 and 2), 
Gnly four hours after injection of d-cAMP ue obsprued a significant dif-
ference in the number uf clear vesicles for the axon terminals type \l 
(Text-fig.2). 
After injection of serotonin and d-cAMP ue observed synchronous release of 
the neurospcretory substances in the axon terminals of the types IV and V 
(fig.12). 
As is shoun in fig.13 neurosecretory granules become less numerous four 
hours after injection of d-cAPlP. 
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Text-fig.2. Variations in some release parameterb of the axon terminals of 
the neurosecretory granule type \l, after injection of serotonin, d-cAMP 
and physiological saline. Indicated is the number of release phenomena in 
5pm of the axon terminal membrane. Statistically significant differences 
are marked by s. 
Discubsion. 
The ргоьопсо of biogenic amines in the eypstalk'- of Decapoda Crustacea Las 
dpscnbpd by Elofsson et al. (1966) in Astacus astacus. by Elcfsson and 
Klemm (1972) in Leander fabncii and other Crustacea, and by Goldstone and 
Cocke (1972) in Carcinus maenas. Thp results of our investigations uith the 
FIF-tPChmque of the fluorescent layers and cell typps are similar to those 
of Flofsson et al. (1966) m Astacus astacus. Hut ue did not observe fluo­
rescent fibres in the lamina ganglionans as described by these investi­
gators. Like Goldstone and Cooke (1972) ue did not detect biogenic amines 
uith the FIF-techmque in the sinus gland of Astacus leptodactylus. 
The quenching of the fluorescence, by treatment uith f\,aBH., indicates that 
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the fluorescence is caused by biogenic amines. 
Our efforts to demonstrate biogpnic amines in the sinus gland of the cray-
fish at the ultrastructural leuel did not giue conclusive results. The 
fixation of sinus glands uith KHnO. resulted in an electron dense core a" 
neurosecretory granules of the types II, III, IV and V. It is knoun that 
KFInCK also reacts uith other substances than biogenic amines. In proteins 
KCInO. not only oxidizes SH-groups, but also aromatic amino acids as tyrosine 
and tryptophan (see e.g. Haas et al,, 1951 and Hopuood, 1969). 
The louer pre-injection values of the hemolymph glucose in March as com-
pared uith December must be seen in relation uith the rhythmicity of the 
glucose values during the year. This is in agreement uith the observations 
of Andrews (1967) in the crayfish Qrconectes limobus. 
After eyestalk extirpation ue observe hypoglycemia in Astacus Icptodactylus. 
Similar observations were made by Hamann (1974) in Qrconectes limosus. 
Injections of physiological saline sometimes produce a significant rise in 
the glucose level, uhich is probably due to a stress reaction (Telford, 
1974). 
In eyestalkless crayfish ue observe, after injection of serotonin, a rise 
in the glucose level; however this rise is much less than in intact ani-
mals. Ue assume that this rise in eyestalkless animals is caused by a 
direct or indirect effect of serotonin upon the target tissue. 
After injection of serotonin ue observe an increase in the glucose content 
of the hemolymph. This is in agreement uith the observations made by 
Bauchau and Mengeot (1966) in Carcinus maenas and by Keller and Beyer (1968) 
in Qrconectes limosus. The increase in the glucose content of the hemolymph 
after serotonin injection uas louer in March thdn in December. Keller and 
Beyer (1968) also observe differences in the increase of the glucose level 
after injection of serotonin, depending on the season. These authors found 
a stronger increase in the glucose in crayfish, uhich had just finished 
their moulting cycle (our December animals). This result is in agreement 
uith our observations. 
In addition, our ultrastructural investigations indicate an increase in 
exocytotic profiles of the neurosecretory granule types IV and V. This 
observation finds support in recent investigations of Martin (1978) in the 
sinus gland of Porcellio dilatatus. Also in this species there is after 
injection of serotonin an increase in the number of exocytotic profiles 
of tuo different npurosecretory granule types, namely the type 1 neuro-
secretory granules (diameters betueen 20Q and 27ünm) and the type 2 neuro-
secretory granules (diameters betueen 100 and 165pm). 
Ue conclude that injections of serotonin trigger the sinus gla^d to release 
neurosecretory substances from the axon terminals IV and V. 
Hisano (1978) suggested that the axons type 5 (mean diameter 80nm) and 
type 6 (mean diameter 70nm) in the sinus gland of the shrimp Palaamon 
paucidens are of aminergic origin. He also found that these tuo types make 
synaptic contact uith axons of the type 2 (llOnm), 3 (90nm) and 4 (I20nm), 
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and concludes that the type 5 and 6 axono play a role in the regulation of 
the release of neurosecretory substances of the axon typeb 2, 3 and 4. 
So far houeuer, the available data about the role of serotonin in the 
release mechanisii of neurosecretory granulps from the sinus gland do not 
allou to drau a final conclusion. 
In accordance uith the observations of Spindler et al. (1976) on the 
fiddler crab Uca puqilator and the crayfish Orconectes limosus, ue oLserue 
a significant rise in the glucose content of the hemolymph of AstacJS 
leptodactylus after injection of d-cAClP. In eyestalkless crayfish ue observe 
after injection of d-cAMP, also a rise in the glucose level; nouever this 
rise is much less than in intact animals. In conformity uith Spindler et al. 
(1976) ue think that this rise is due to a direct nffnet of d-cAMP upon the 
target tissue. At the ultrastructural level a remarkable nsp of the numbnr 
of exocytotic profiles in the neurosecretory granule types IV and V uas 
noticed, after injection of d-cAMP. 
In summary ue conclude that the increase in the glucose content of the 
hemolymph, after injection of serotonin or d-cAMP, is mediated by the 
release of neurosecretory substances from the axon terminal types IV/ and 
\l in the sinus gland of the crayfish Astacus leptodactylus, since ouch 
increase in the glucose IPUPI does not appear in oyestalkloss animals. 
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Fig.l. FluorescencG microscope picture of the medulla externa (me) and part 
of the medulla interna (mi). xllO. 
Fig.2. Part of the medulla terminalis (mt) and the nervus opticus (no) 
(same technique). x125. 
Fig.3, Cell type I (same technique). x450. 
Fig.4. Cell typo II (same technique). x450. 
Fig,5. Cell type III (same technique). x450, 
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Fig.6. Sinus gland after fixation uith KMnU^. X27.600. 
Fig.7. Type III axon terminal, shouing exocytotic profiles (arrous). 
Tuo hours after injection of serotonin (h: hemolymph). χ45.000. 
Fig.θ. Type IU terminal tuo hours after injection of serotonin, Arrous 
indicate exocytotic profiles (h: hemolymph). x33,320. 
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Fig.9. Axon terminal, shouing the difference in electron density of the 
neurosecretory granules. x33.320. 
Fig.10, Mote the presence of tuoular structures in type \1 axon terminal 
already tuo hours after injection of serotonin (h: hemolymph). x27.60Q. 
Fig.11. Type \1 axon terminal one hour after injection of d-cAMP. Mote the 
presence of exocytotic profile (arrou) and membrane indentations (little 
arrous) (h: hemolymph). x55.200. 
Fig.12, Axon terminal shouing synchronous release (indicated by arrou) 
(h: hemolymph). Х32.85Э. 
Fig,13, Uieu of the sinus gland four hours after injection of d-cAMP 
(h: hemolymph). χθ.670. 
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U I . CCFIPARATIVL ULTRASTKUCTUHAL STUDY OF THE SINUS GLAIMD IN DECAPCDA 
CRUSTACEA. 
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I ntroduction. 
Thp пеыosecretory substances from specializod пегие CPIIS, mainly the 
X-organ j.n the medulla terminalis, aro transported by axopldsmic flou to a 
neurohemal organ, the sinus gland. This gland can be seen as a bluish-uhite 
structure dorso-laterally at the transition of the medulla externa and the 
medulla interna in the eyestalks of mostly all Docapoda Crustacea. 
The contrai role of this gland in the nourohormonal regulation of several 
morphological and physiological phenomena is illustrated in souoral reuieu 
articles (e.g. Kleinholz, 1976). 
The bltrastructure of the sinus gland in Dacapoda Crustacea has also been 
studied intensely in the last tuenty years. Host electron microscopical 
studies are performed on Brachyura. The sinus gland of Cecarcinus lateralis 
is described by Hodge and Chapman (1958) and by Uoitzman (IJG'J), uhereas 
Meusy (1968) and Smith (1974) studied the samp gland η Larcmuo maeras. 
Furthermore there are studies of the sinus glando from Pallirectes sapidus 
by Ardreus et al. (1971), Lea puqrax by Silueithorn (1975) and Pachygrapsus 
marmoratus ay Eressac (1976). Among the AstocLra there are inuesticaticns 
of the sinus elands at the ultrastructural level in four species namely 
in Cam^arellus shufeldti by Firgprmar and Auto (1959), ir Orconcctos nais 
by Stivers (1967), ir Frocambarus clarkii by Dunt and Asnby (196/), and ir 
Astacus leptodactylus by Strolenberg et al. (1977). Thp sinus gland is only 
described ir one species of the groups of the Matartia and Palinuiidae: 
in Palaenon paucidens by Hisano (1976) and in Palinuius polyphaqus by 
Phatak and Rangneker (1976), 
The aim of this study uas to describe tnp npurnsprretory granule population 
of the sinus glard of the salt-uater shrimp Palaemor serratus Pennant and 
to make a comparison uith the neurosocrotory granule types nf thp sinus 
glands of the other Decapoda Crustacea. 
Material and Method. 
Adult shrimps of the species Palaemcn sorratus Pennant unrn cullected in 
the bay of Concarneau (Bretagne, Franrp). Thp shrimps иегь ir stage С of 
their moulting cycle (Drach, 1944). 
Prpparation of thp sinus glands for electron microscopy, and calculation of 
the diameters of the neurosecretory grarulps UPTP performt-d do desciibed in 
Chapter II. All data uere submitted tu a 'itudent Γ-tPoL (5% lovol of pro­
bability) . 
Pisults. 
-hr sinus gland of the shrimp PaldPtro ι ei ι eitus i^  an aggregation of blindly 
ending axon terminals. These are surrcundco by a fcnspmpnt тет^гаг0 o F 
granular tpxture (fig.l). At high magnificatіьп ore cdn Jistinguish fibril0 
in the basement membrane. The axon terminals are charactprizpri ry storage 
and release of neurosecretory granules. On arcount of shape, eltctron dbn-
sity and diameter of the neurosecretory granules ue distinguished five 
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Table I. Characterization of the différent neurosecretory granule types 
in the sinus gland of the shrimp Palaemon serratus. 
Type Diameter Clean Shape 
(min-max diameter 
ualues) in nm 
Electron 
density 
Frequency 
55-80 70 
2 
3 
4 
5 
6 0 - 9 0 
7 2 - 1 3 5 
9 0 - 1 7 Q 
1 0 0 - 2 1 0 
79 
9 8 
125 
150 
round moderately 
dense 
round or oual dense 
round or oual dense 
round moderately 
dense 
round dense 
29 
24 
14 
29 
different types of axon terminals: 
-The type 1 axon terminals: those are characterized by the smallest neuro-
secretory granules uith a mean diameter of 70 nrr (fig.2). These rounded 
neurosecretory granules shou a more or less densp core. The type 1 axon 
terminals are the rarest of all observed axon terminals (4%). 
-The type 2 axon terminals: they built up 29% of the total sinus gland. 
Their neurosecretory granules, uith a mean diameter of 79 nm, have an 
electron dense core (fig.3). The type ? neurosecretory granules haue an 
oual or round shape. 
-The type 3 axon terminals: these are chai actenzed by the presence of 
%of axon terminals 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
75 ÏOO 1 125 150 
mean diameter¡η nm 
тіі 
Text-fig.1. The distlibutmn of tie different axon terminals, on the basis 
of mean dianeters of the neurosecretory granules, in the sinus gland of th 
shrimp Palaencn berratus. 
electron dense neurosecretory granules, uith a mean diameter of 98 nm 
(fig.4). They represent 24% of the total number of axon terminals. Some­
times these neurosecretory granules seem to haue a halo. 
-The type 4 axon terminals: these are characterized by moderately electron 
dense rounded or oual neurosecretory granules uith a mean diameter of 125 
nm (fig.5). This type builts up 14% of the sinus gland. 
-The type 5 axon terminals: these shou rounded neurosecretory granules 
uhich in most instances haue an electron dense core. Also these neurose­
cretory granules sometimes shou a halo (fig.6). Tuenty-nine percent of 
the sinus gland axon terminals belong to this type. 
The main characteristics are summarized in Table 1. 
In addition ue obserued uariations in three types of axon terminals, namely: 
-Some type 3 axon terminals contain neurosecretory granules uith a ueak 
electron density (fig.7). This type of terminals builts up 15% of all 
type 3 axon terminals, 
-The type 2 and 5 axon terminals shou uariations in the electron density 
of the axoplasm (figs, θ and 9). 
The frequency distribution of the axon terminals is shoun in Text-fig.1. 
The first peak is built up by the type 1 and 2 axon terminals (Text-fig.1 ). 
Also ue obserued the presence of clear uesicles in different axon terminals 
(fig.4). 
Discussion. 
The order of Decapoda Crustacea can be divided in tuo suborders: Natantia 
and Reptantia. 
As a representative of the Natantia ue studied the sinus gland of the salt 
uater shrimp Palaemon serratus. In this gland ue distinguished fiue dif­
ferent types of axon terminals, each characterized by a typical neurosecre­
tory granule type. Tuo types of neurosecretory granules (type 1 and 2) 
had diameters uhich uere smaller than 100 nm. Further ue obserued uaria­
tions in the electron density of the neurosecretory granules (type 3) and 
of the axoplasm (type 2 and 5), 
So far only Hisano (1976) described the sinus gland of another representa-
tiue of the Natantia, the freshuater praun Palaemon paucidens. 
This author distinguished four different types of neurosecretory granules: 
type 1 (JZ( 150nm), type 2 (0 110nm), type 3 (0 90nm) and type 4 (0 120nm and 
130nm). The tuo different ualues for the mean diameters of the latter type 
of neurosecretory granules reflected tuo different populations of neurose­
cretory granules uithin one axon terminal: a uery small group of electron 
dense granules (0 120nm) and the majority of neurosecretory granules shou-
ing ueak electron density (0 130nm). The first three granule types of 
Hisano (1976) are comparable uith type 5, type 4 and type 3 in the sinus 
gland of the shrimp Palaemon serratus. Neurosecretory granules uith a ueak 
electron density in the type 3 axon terminals of the sinus gland of the 
shrimp Palaemon serratus are comparable uith the type 4 of Hisano (1976) in 
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the sinus gland of the praun Palaemon paucidens » 
Recently Hisano (197Θ) described tuo more typos of neurosecretory granules, 
namely type 5 (0 70nm) and type 6 (0 8Gnm). These tuo types shou a striking 
resemblance uith our types 1 and 2 of the sinus gland of the shrimp Palaemon 
sorratus. At first sight one could conclude, that there exists a great 
similarity betueen these tuo species of Matantia, but it is also evident 
that there are minor differences in the mean diameters of the neurosecreto­
ry granules. 
The characteristics of the neurosecretory granule types in the sinus glands 
of Decapoda Crustacea Reptantia are summarized in Table II. 
Among the Palinuridae only the sinus gland of the spiny lobster Palinurus 
polyphaqus has been described by Phatak and Rangneker (1976), They dis­
tinguished on account of diameter and shape five different typos of neuro­
secretory granules (see Table II). 
Four different species of the Astacura uere described uith respect to neuro­
secretory granules of the sinus gland. Tuo types uere distinguished in the 
sinus gland by Fingerman and Aoto (1959) in the duarf crayfish Cambarellus 
shufeldti. Shiuers (1967) also found tuo granule types in the crayfish 
Orconectes uirilis. Five types of neurosecretory granules uere distinguished 
by Bunt and Ashby (1967) in the sinus gland of the crayfish Procambarus 
clarkii and by Strolenberg et al. (1977) in the sinus gland of the crayfish 
Astacus leptodactylus. Bunt and Ashby (1967) observed only one type (50-90 
nm) belou lOOnm. Bunt and Ashby (1967) distinguished on account of their 
diameter three types of neurosecretory granules above lOOnm, uhich are 
comparable uith our neurosecretory granule types III, IV and \/. The fifth 
type (E) of Bunt and Ashby (1967) had a similar diameter as their first 
type (A) namely 200-240nm but it uas only moderately electron donse, 
uheroas type A uas very dense. It is noteuorthy that Eurt and Ashby (1967) 
only observed the type L in male spocimcrs of the crayfish Procambarus 
clarkii and not in females. In AstecLS leptocactylus uc did not observe 
such a difference betueen female and male crayfish, 
The sinus gland of the spiny lobster Palinurus polyphaqus is very close to 
the sinus gland of the crayfish Astacus leptodactylus, if one compares the 
granule composition of both sinus glands. 
Host electron microscopical studies of sinus glands uere performed uith 
Brachyura. In the land crab Gecarcinus lateralis Hodge and Chapma"1 (1958) 
and later Ueitzman (1969) described tuo types of granules. Hodge and Chapman 
(1958) reported that the second type uas the most common. 
The sinus gland of the shore crab Carcinus maenas uas described by Heusy 
(1968) and Smith (1974). Neusy (1968) distinguished three typos of neuro­
secretory granules, uhereas Smith (1974) enumerates five types (see Table 
II). The diameters of the three types described by Oeusy (1968) are all 
above ICOnm and are comparable uith the three types of neurosecretory 
granules of Smith (1974) above lOOnm, There exists a difference in diameters 
but neither Heusy (1968) ror Smith (1974) give mean Diameters of the granule 
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types. In addition Smith (1974) observed tuo types uith d diameter эеіои 
lODnm. The conclusion of Smith (1974), that the differences in tho neuro­
secretory granule types in the sinus gland of Carcinus maenas are caused 
by geographical location must be considered uith caution. 
Bressac (1976) observed four types of neurosecretory granules in the sinus 
gland of the crab PachyqrapsL5 marmoratus. Only one typo had a diameter 
belou lOOnm. Andreus et al. (1971) found seven types of neurosecretory 
granules. But these authors state that the types F- and F9 are variations 
of other types caused by using different buffer systems. Both Andreus et al, 
(1971) and Silverthorn (1975) ooserved only one type of granules uitn dia­
meters belou IQDnm, and four types uith diameters above lOOnm in the sinus 
glands of the blue crab Callinectes s a ρ i d u s and rhe fiddler crab Uca pucnax 
(see Table II). 
If the diameters are compared of the neurosecretory granules in the sinus 
glands of the crayfish and crabs, it appears that the neurosecretory 
granules in the sinus glands of tne crabs are larger (up to ЗВОпт). 
Table П . 
Characterization of the neurosecretory granule types in thp sinus gland 
of the Decapoda Crustacea Reptantia, 
Granule type Species 
Palinuridae. 
Palinurus poly-
phaqus 
Characteribtics 
180-71 Опт 
125-145nm 
105-115nm 
75- 95nm 
50- 60nm 
References 
Phatak and 
Rangneker, 
(1976). 
Astacura. 
Cambarellus 
shufeldti 
50-100nm 
100-166nm 
Fingerman 
and Aoto, 
(1959). 
Orconectes 100-ІУОпт 
60-100nm 
Shivprs, 
(1967). 
Procambarus 
clarkii 
200-240nm 
50- 90nm 
100-120nm 
150-170nm 
200-240nm 
Bunt and 
Ashhy, 
(1967). 
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Continuation of Tabic II, 
Species 
Astacura. 
Astacus lepto-
dactylus 
Brachyura. 
Gecarcinus 
lateralis 
Carcinus 
maenas 
Carcinus 
maenas 
Callinectes 
sapidus 
Dca puqnax 
Pachyqrapsus 
marmoratus 
Granule type 
I 
II 
III 
IU 
U 
1 
2 
Characteristics 
50- 75nm 
65- 95nm 
85-115nm 
100-170nm 
125-220nm 
50-100nm 
150-200nm 
100-
200-
140-
50-
120-
Θ0-
120-
220-
νο­
νο­
ί 00-
100-
vo­
ua· 
180-
90-
а.100-
b. 80-
-160nm 
-ЗООпт 
-210nm 
- 80nm 
-200nm 
-ЮОпт 
-1 BOnm 
-280nm 
280nm 
70nm 
150nm 
180nm 
200nm 
250rm 
200nm 
-175nm 
-21 Опт 
-210nm 
-250nm 
-285nm 
-ІбЗпт 
-250nm 
-1 lOnm 
-160nm 
-ЮОпт 
References 
Strolenaerg 
et al., 
(19V7). 
Hodge and 
Chapman, 
(1958). 
Ueitzman, 
(1969). 
neusy,(l968) 
Smith,(1974) 
Andrews et 
al., (1971), 
Silverthon, 
(1975). 
aressac, 
(1976). 
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Fig.1. General vieu of the sinus gland (axon terminals: at; basement mem­
brane: bm; fibrils: f; hemolymph: h) хіб.000. 
Pig.2. GranulR type 1. X44.100. 
Fjg.3. Granule type 2. x44.100. 
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Fig.4. Granule typo 3. (clear vesicles: cu). x44,100. 
Fig.5. Granule type 4. x44.100. 
Fig.6. Granule type 5. Χ44.Ί0Π. 
Fig.7. Variation in thp electron dprsity of granule type 3. X44.1DQ, 
Fig.8. Variation in the electron density of the axoplasm of granule 
type 2. X44.10D. 
Fig.9. Variation in the electron density of the axoplasm of granule 
type 5. X44.100. 
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General Corcltsions. 
The sinus gland of tho ciayTish Astacus leptodactylus contains three main 
components namely: glial cells, axons and axon terminals (Chapter I). 
Both during the intermoult pfiriod and the moult cycle ue obserued in the 
sinus gland of the aforementioned crayfish five different neurosecretory 
granule types: I (0 68nm), II (0 81nm), III (0 lOOnm), IV (0 112nm) and 
\1 (0 135nm). 
In Chapter II evidence uas presented that during the premoult and moult 
period the physiological activity of the sinus gland uas reduced: 
1. During premoult and moult there uere no signs of release activities in 
the axon terminalb, such as exocytosis, memorane indentations or clear 
vesicles , 
2. The mean diameter of the different types of neurosecretory granules 
present in the sinus gland was increased. 
3. The packing of the neurosecretory granules uas decreased during premoult 
and had a minimum value in the moult stage. This means that the syn­
thesis of the naurosecretory substances in the X-organ uas reduced. 
4. A statistically significant increase in the thickness of the basement 
membrane uas observed during premoult and a decrease during postmoult; 
ue assume that the thickened oasement membrane hinders the release of 
the neurosecretory substances. 
From physiological investigations on the regulation of carbohydrate meta­
bolism in Crustacea, it appears that during the different moulting stages 
the release of the neurosecretory substances from the sinus gland into the 
hemolymph is reduced. Uith regard to the hyperglycemic hoimcne, Scheer 
(1959) supposed that the content of this hormone in the eyostalks during 
premoult stages is louer tnan in the irtermoult stages. Keller (1974) 
conjectures that during tne moult cycle the sensitivity of the target tis­
sues for the hyperglycemic hormone must oe different. Ue do not krou pre­
cisely, uhich neurosecretory granule type is carrying tne hyperglycemic 
hormone in Astacus leptodactylus. But knouing that all five neurosecretory 
granule types shou tho same pattern in release activity, mean diameter and 
packing during the moult cycle, ue conclude that the liberation of the 
hyperglycemic hormone must be one of the causes of louer glucose levels 
during several moulting stages. 
In Cnapter III ue ^cje described the grouth and differentiation of the sinus 
gland. Ue orser^en, cireccly Ρ f L e r "aterine, in the larval cray^is1- of tne 
s ρ г с i e s .'• s t с с
 ц
 s iLptjcacL/luc г ь:п_> gland like strurtjrc, u^irh contained 
enly 0"C t/oe of neurosdcrrtery gicinules. Tne most stiiking change in the 
^eurobbcretory gidn.ln pr[„Luncy distriCLtion m dbvrlcping Linus glands 
m juvenile cray^isn udì, r-z the turn from stage III to I\i . At trat momert 
ue noticed tre appearance of the neurosecretory granule typos II' and \ in 
the same frequency as in adult animals. Of interest η tnis regard is the 
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observation uith the light microscope,of Zielhorst and van Негр (1976), of 
a tinctorial change in the sinus gland of the same species at the same 
transition. The change in the frequency distributions of the neurosecretory 
granules may point to physiological changes in developing crayfish. But 
we can not drau any statement because little uork has boen done in this 
area. 
One should consider the conclusion of Pyle (1943) that the sinus gland in 
Homarus americanus in the third and fourth stage is not a functional gland, 
because of the differences found in the staining reaction betueen juvenile 
and adult crayfish,uith caution. Ue drau the tentative conclusion that the 
sinus gland in the crayfish Astacus leptodactylus is able to store and 
release one or more different neurosecretory substances, at least up from 
stage II. 
In Chapter IV it uas shoun that the glucose level in the hemolymph of 
Astacus leptodactylus has a diurnal rhythmicity uith a maximal value at 
midnight. This is in accordance uith the observations of Hamann (1974) in 
the crayfish Drconectes limosus. 
Only the axon terminals of the neurosecretory granule types IV and V shoued 
a diurnal rhythmicity in the liberation of neurosecretory substances by 
exocytotic profiles, uith peaks at 8.00 А.П. and 9.00-10.Ü0 P.M. An interes-
ting feature is the time-interval of about tuo to thrfie hours betueen the 
peak of exocytotic profiles and the maximum value of the glucose level in 
the hemolymph. Injection of purified hyperglycemic hormone in the crayfish 
Astacus leptodactylus causes a rise in the glucose level in the hemolymph, 
attaining a maximal value tuo hours after injection (van Негр, personal 
communication). So ue tentatively can conclude that the hyperglycemic hor­
mone is located in the neurosecretory granule typo IV or V. 
Further it uas assumed that at the onset of darkness the dark-adapting 
hormone of the distal retinal pigment uas released. 
A second peak of the neurosecretory granule types IV and V uas observed at 
B.OO A.CI. In addition ue found a rise of the glucose level in the hemolymph 
at 10.00 A.M. Houever, this rise, although aluays present, uas never sig­
nificant . 
Other hormones uhich could possibly be released at this time are the neuro-
depressing hormone and the light-adapting hormone of the distal retinal 
pigment. 
Ue concluded therefore that the peak of exocytotic profiles in the neuro­
secretory granules of the types IV and V reflected the release of several 
neurosecretory substances. The possibility remains houever that one neuro­
secretory substance can perform more than one function. 
Chapter V is centered around the role of biogenic amines and cyclic nucleo­
tides. In our investigation ue found that both injection of serotonin and of 
d-cAMP cause a release of neurosecretory granules from the axon terminals 
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typps IV ard V. Already Bauchau and Oengeot (1966) in Parcinus maenas and 
Keller and Beyer (196в) in Drconectes limosus haue shown that injections 
of biogenic amines bring about a rise in the glucose oontpnt in the hemo-
lymph tuo to four uours after injection, Eyestalklcss crayfish sometimes 
shoued a rise in the glucooB content in the hemolymph after injection of 
serotonin, but this uas much less than in intact animals. The same holds 
for injection of d-cAClP (Spindler et al.,1976). 
Using the FIF-techmquc Elofs&on et al. (1966) in Astacus astacus, Elofsson 
and Klemm (1972) in Leander fabncii and other Crustacea and Goldstone and 
Cooke (1971) in Carcinus maenas described the presence of biogenic amines 
in the eyestalks of Decapoda Crustacea. In the eyestalks of Astacus lepto-
dactylus ue described a comparable pattern of fluorescent layers as found 
by Elofsson et al. (1966) in the crayfish Astacus astacus. Like Goldstone 
and Cooke (1971) ue could not detect biogenic amines in the sinus gland of 
Astacus leptodactylus, using the FIF-technique. At the ultrastructural 
leuel ue did not get a distinct answer about the presence of biogenic amines 
in the sinus gland. 
Risano (1978) suggested that tuo types of neurosecretory granules, with 
mean diameters of 70 and Θ0 nm, in the feirus gland of the prawn Palaemon 
paucidens,correspond to the monoamine-containing B-fibers of Knoules (1967), 
During the day/night cycle ue observed a higher number of clear vesicles 
in the type II axon terminals (0 Blnm), at 8.0G P.M., one to two hours 
before the rise η exocytotic figures of the type IV and V axon terminals 
occurred (Chapter IV). 
So the possibility that aminergic substances occur in the sinus gland of 
the crayfish cannot be excluded. 
Altogether it is too early to evaluate the importance of biogenic amines 
(e.g. serotonin) in the release mechanism of neurosecretory granules from 
the sinus gland. 
In Chapter VI it uas shown that ue distinguished five different types of 
axon terminals in the sinus gland of the shrimp Palaemur serratus. 
Comparing the different types of neurosecretory granules described for the 
sinus glands of Decapoda Crustacea, it is practically impossible to make 
definitive statements on differences or similarities η the granule com­
positions on a morphological basis alone. Further ultrastructural research 
is necessary, if po^oihle in conjunction uith immunological methods to 
establish which neurosecretory granules in the sinus glands of different 
species of the Decapoda Crustacea are biochemically related or not. 
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Summary. 
The sinus gland, an important neurohemal organ in the regulation of various 
physiological processes in Crustacea, is composed of glial cells, axons 
and axon terminals. It is surrounded by a basement membrane, consisting of 
an amorphous and a fibrillar structure. The neurosecretory substances are 
stored in the sinus gland as membrane bounded granules. On the basis of 
size, mean diameter and electron density of the neurosecretory granules 
ue distinguished fiue different types of axon terminals in the sinus gland 
of the crayfish Astacus leptodactylus. The release of neurosecretory 
products occurs by exocytosis (Chapter I). 
An important hormonally regulated event in Crustacea is moulting. 
In Chapter II four changes in the ultrastructuro of the sinus gland during 
the moult cycle are described. There is evidence that the liberation of 
neurosecretory substances is reduced during the premoult and moult stage. 
Soon after hatching, the larval crayfish possesses a sinus gland-like 
structure. It contains only one morphologically distinct type of neuro-
secretory granules. Several neurosecretory granule types uere described for 
the first time in sinus glands of juvenile animals, uhich uere in stage II. 
During the further development of the juvenile crayfish ue observed changes 
in the frequency distribution of different neurosecretory granule types. 
In the fourth juvenile stage ue found almost the same frequency distribu-
tion as in adult animals (Chapter III), 
The sinus gland controls several processes, uhich demonstrate a diurnal 
rhythmicity. In Chapter IV it is reported that only tuo types of the neuro-
secretory granules display a diurnal rhythmicity. Ue assume that these 
types represent more than one neurosecretory substance, one of them being 
the hyperglycemic hormone. 
Injections of biogenic amines or d-cAPIP cause a rise in the glucose content 
of the hemolymph (Chapter U). Ultrastructural investigations of the sinus 
gland strongly suggest , that only tuo types of neurosecretory granules 
uith a diurnal rhythmicity increase their release activity after injection 
of the aforementioned substances. At this moment ue can not exclude the 
possibility that aminergic products occur in the sinus gland. 
Finally in Chapter VI a comparison is made betueen the different types of 
neurosecretory granules in sinus"glands of various species of Decapoda 
Crustacea. In vieu of the present stand of our knouledge it is very 
difficult to distinguish betueen the species studied so far on a morpho-
logical basis alone, 
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Samenvatting. 
De sinusklier, een belangrijk neurohemaal orgaan voor de regulatie van 
bepaalde fysiologische processen in Crustacea, is opgebouud uic gliacellfin, 
axonen en axoneindigingen. De sinusklier is omgeven door een basale mem-
braan, bestaande uit fibrillen en een amorfe component. De neurosecreto-
rische substanties uorden in de sinusklier opgeslagen in de vorm van 
membraan gebonden granula. Op grond van vorm, grootte en electronendicht-
heid van deze neurosecretorischa granula kunnen vijf verschillende typen 
van axoneindigingen in de sinusklier van de moeraskreeft Astacus lepto-
dactylus onderscheiden uorden. De neurosecretorische substanties uorden 
aan het bloed afgegeven door middel van exocytose (Hoofdstuk I), 
Een belangrijk hormonaal gereguleerd proces in Crustacea is de vervelling. 
In Hoofdstuk II uorden vier veranderingen in de ultrastructuur van de 
sinusklier tijdens de vervellingscyclus vermeld. Ue veronderstellen, dat de 
afgifte van neurosecretorische substanties tijdens het voorvervellings- on 
vervellingsstadium in de moeraskreeft verminderd is. 
Zodra de jonge kreeften uit het ei te voorschijn komen, blijkt een sinusklier-
achtige structuur aanuezig te zijn. Hierin uordt echter slechts één granulum 
type aangetroffen, Meerdere typen van neurosecretorische granula uorden 
voor de eerste keer uaargenomen in sinusklieren van jonge moeraskreeften, 
uelke in stadium II uaren. Tijdens de verdere ontuikkeling van de jonge 
moeraskreeften treden veranderingen op in ds frequentieverdeling van do 
verschillende typen van neurosecretorische granula, In het vierde larvale 
stadium uordt nagenoeg dezelfde frequentieverdeling als in adulte dieren 
uaargenomen (Hoofdstuk III). 
De sinusklier controleert verscheidene processen, uelke een dag/nacht ritme 
vertonen. In Hoofdstuk lU uordt aangetoond, dat slechts tuee typen van 
neurosecretorische granula een dag en nacht ritme vertonen. Bovendien 
uordt aangenomen dat deze beide typen neurosecretorische granula meerdere 
neurahormonen, uaaronder het hyperglycemisch hormoon, vertegenuoordigen, 
Een verhoging van het bloedglucosegchalte uordt veroorzaakt door injecties 
van biogene aminen of d-cACIP (Hoofdstuk U). Uit onderzoek aan de ultra-
structuur van de sinusklier van de moeraskreeft blijkt, dat dezelfde typen 
van neurosecretorische granula, uelke een dag/nacht ritme hebben, na 
irjacties van de eerder genoemde stoffen een toename in afgifte verschijrse-
ler vertonen. Momenteel kan de mogelijkheid niet uitgesloten uorden, dat 
biogene aminen in do sinusklier van de moeraskreeft aanuezig zijn. 
Tenslotte uordt in Hoofdstuk VI een vergelijking gemaakt tussen de verschil-
lende Lypen van neurosecretorische granula in de sinusklieren van verschil-
lerdü soorten Decapoda Crustacea, Op grond van alleen maar morfologische 
gegevens is het echter zeer moeilijk οτι verschillen tussen de tot nj toe 
bestudeerde soorten aar to u'jzen. 
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STELLIKGEN. 
I 
Tijdens het ооги г іііпдз- en veruellingsstadium is de neurosecretonsche 
activiteit van de sinusklier in de moeraskreeft gereduceerd. 
Dit proefschrift. 
II 
De conclusie van Pyle (1943), dat de sinusklier in de zeekreeft Homarus 
amencanus in het derde en vierde stadium па "hatching" niet functioneel is, 
is onvoldoende gefundeerd. 
Pyle,R.U.(l943).Biol.Bull. 85,87-102. 
Dit proefschrift. 
III 
het is raadzaam om "bio-assays" in ds moeraskreeft, uaarbij het bloedglucose 
gehalte als een parameter gebruikt uordt, tussen koffie- en theepauze uit 
te voeren. 
Dit proefschrift. 
IV 
Verhoging van het bloedglucose gehalte, na injectie van d-cAMP en serotonine, 
uordt in de moeraskreeft voorafgegaan door een toename in de afgifte van 
neurosecretoribche producten uit de axoneindigingen van de typen IV en V. 
Keiler,R. and Beyer,3 .(196Q) .Z . vergi. Physiol. 59,79-85. 
Spindler,K-D. et al.(i 976).Comp.Biochem.Physiol. 54A,301-304. 
Dit proefschrift. 
het verschil in de ultrastructuur van de zymogeen-granula in de "hatching" 
кііегсеііьп van Oryzias latipes bij natuurlijke en gestimuleerde afgifte 
hoeft met veroorzaakt te uorden door de activatie van het llhatchingll-erzym. 
Yamamoto,M. et al.(1979) .Develop.Biol. 68,162-174. 
UI 
De veronderstelling dat de reductie uan roofvogelpopulaties ueroorzaakt 
wordt door hst gebruik van pesticiden is niet bewezen. 
Ratclirre,D.A.('l967)^dture 215,208-210. 
M o n a r t y j F . ( 1 9 7 5 ) . P o l l u t a n t s and Animals. (G.A l len and U n w i n , e d s . ) . 
London. 
VII 
De conclusie van Tunner (1976), dat do hybride Rana esculenta ook wat zijn 
agressief gedrag betreft intermediair is tussen zijn oudersoorten Rana 
lesbonae en Rana ndibunda is niet gerechtvaardigd. 
Tunner,H.G.(l976).Zool.Anz. 196,67-79. 
V/III 
Yamauchi et al. (1978) concluderen ten onrechte op basis van hun resultaten 
dat calcitonine bij Ьееп іьч п geen hypocalcemisch effect hepft. 
Yamauchi,H. et al.(l978).Gen.comp.End. 34,343-346. 
Yamauchi.H. et al.(19?8).Gen.comp.End. 36,526-529. 
IX 
Het economisch aantrekkelijk maken van "gasohol" kan men bevorderen door voor 
alcohol productie gebruik te maken van gisten en cellulose. 
Bacila,M. and H o m , 3. (1 979) .TIBS . 4,59-61. 
Coughlan,M.P. and Го1ап,М.А.(i 979).Int. 3. Biochem. 10,103-108. 
Uade,N.(1979).Science 2 04,92 8-92 9. 
Gezien de uijze uaarop een aantal deelnemers van de vierdaaçbe de eindstreep 
haalt, is de zegswijze "dat gaat zo ver als het voeten heeft" niet altijd 
van toepassing. 
Nijmegen, 18 October 1979 G.E.С.П. Strolenberg 


